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ABSTRACT 
 
Radio frequency plasma enhanced chemical vapour deposition (r.f PECVD) 
process is a well-established technique for depositing amorphous silicon carbon (a-SiC) 
films. However, an environmental friendly deposition technique which does not involve 
the use of toxic gas, silane (SiH4) is a much preferred technique. In this work a hybrid 
r.f. PECVD/sputtering system was designed for this purpose. This system combines the 
use of radio frequency (r.f.) reactive sputtering with r.f. PECVD for the growth of 
amorphous a-SiC films. The use of amorphous silicon (a-Si) target as a sputtering 
source eliminates the use of SiH4 as Si source for the films. This work is divided into 
three parts consisting of studying (i) film deposited by r.f. PECVD through discharge of 
hydrogen (H2) diluted methane (CH4) with different total gas pressure; (ii) films 
deposited by sputtering of a-Si target at different Argon (Ar) flow rate; and (iii) films 
deposited by the hybrid r.f. PECVD/sputtering system from CH4 discharge and 
sputtering of a-Si target at different r.f. power with a fixed Ar to CH4 ratio of 7.5:1. In 
the first part, the effect of total gas pressure on the film properties were studied with 
CH4 to H2 flow rate ratio fixed at 1:5. The effects of Ar flow rate of 5.7, 7.5, 15.0 and 
30.0 sccm on the properties of the films were studied in the second part of the work. 
The last part of the work involved the study of the effect of r.f. power of 60, 80, 100, 
120 and 150 W on the film properties. Raman, Fourier transform infrared, Auger 
electron and photoluminescence emission spectroscopies were used to analyze the 
properties of the films. Film thickness was measured using mechanical profilometer to 
study the film growth rate. It is established from the results that the films deposited by 
hybrid r.f. PECVD/sputtering system are multiphase in structure which consist of a-Si, 
a-SiC, a-C:H and SiOx phases. The origin of PL emission in the films is mainly through 
recombination processes in the sp
2
-C clusters embedded within the a-C:H and SiOx 
phases in the film structure. 
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ABSTRAK 
 
Proses pemendapan frekuensi radio secara peningkatan plasma wap kimia    
(r.f PECVD) merupakan suatu teknik yang telah diakui untuk pemendapan filem 
amorfus silikon karbon (a-SiC). Walau bagaimanapun, teknik pemendapan mesra alam 
yang tidak melibatkan penggunaan gas toksik, silana (SiH4) adalah teknik yang 
diinginkan. Dalam kajian ini, sistem hibrid r.f. PECVD/percikan telah direkabentuk 
untuk tujuan ini. Sistem ini menggabungkan penggunaan frekuensi radio (r.f.) percikan 
reaktif dan r.f. PECVD dalam menghasilkan filem a-SiC. Penggunaan sasaran silikon 
amorfus (a-Si) sebagai sumber percikan mengelakkan penggunaan SiH4 sebagai sumber 
Si. Kajian ini dibahagikan kepada tiga bahagian iaitu (i) filem yang dimendapkan 
menggunakan r.f. PECVD melalui nyahcas metana (CH4) yang dicairkan bersama 
hidrogen (H2) pada jumlah tekanan gas yang berbeza; (ii) filem yang dimendapkan 
dengan percikan sasaran a-Si pada kadar aliran gas Argon (Ar) yang berbeza; dan     
(iii) filem yang dimendapkan menggunakan system hibrid r.f. PECVD/percikan 
daripada nyahcas CH4 dan percikan sasaran a-Si dengan nisbah Ar kepada CH4 pada 
7.5:1. Dalam bahagian pertama, kesan jumlah tekanan gas pada sifat filem dikaji 
dengan nisbah kadar aliran CH4:H2 ditetapkan pada 1:5. Kesan kadar aliran Ar pada 5.7, 
7.5, 15.0 dan 30.0 sccm kepada sifat filem telah dikaji dalam bahagian kedua. Bahagian 
terakhir melibatkan kajian terhadap kesan kuasa r.f. pada 60, 80, 100, 120 and 150 W ke 
atas sifat filem. Spektroskopi Raman, transformasi inframerah jelmaan Fourier, elektron 
Auger dan pemancaran fotoluminesen digunakan untuk menganalisa sifat-sifat filem 
tersebut. Ketebalan filem diukur menggunakan profilometer mekanikal untuk mengkaji 
kadar pertumbuhan filem. Keputusan kajian telah menunjukkan bahawa filem yang 
dihasilkan menggunakan sistem hibrid r.f. PECVD/percikan mengandungi struktur 
dalam pelbagai fasa yang terdiri daripada fasa a-Si, a-SiC, a-C:H dan SiOx. Pemancaran 
PL dalam filem adalah melalui proses-proses penggabungan di dalam kelompok sp
2
-C 
yang terbenam di antara fasa-fasa a-C:H dan a-SiOx di dalam struktur filem. 
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CHAPTER 1   
INTRODUCTION 
 
1.0 Chapter Outline 
This chapter gives an introduction for this work which covers hydrogenated 
amorphous carbon (a-C:H) and amorphous silicon carbon (a-SiC) thin films. Plasma 
enhancement of chemical vapour deposition (CVD) and sputtering processes are also 
presented. This is followed by research objectives and thesis outline. 
 
1.1 Research Background 
1.1.1 Hydrogenated Amorphous Carbon and Amorphous Silicon Carbon Thin 
Films  
Carbon (C) based materials such a-C:H and C-rich a-SiC are well known for 
having various kind of structures. This has captured a great deal of interest since 
decades ago, due to their interesting properties and potential candidate for application in 
various optoelectronic devices (Jun et al., 2002).  
 
The ability of C atoms to form three hybridized states as shown in Figure 1.1 is 
very unique and this makes a-C:H film a very interesting material with many potential 
applications. These group of films also referred to as ‘diamond-like carbon’ (DLC) 
films consist of various forms of unhydrogenated and hydrogenated a-C films with a 
wide range of hydrogen content (Maréchal et al., 1998). 
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Figure 1.1: Carbon hybridization comprised of sp
1
, sp
2
 and sp
3
 structure (Silva 2003). 
 
 
Doping a-C:H with other materials makes it even more interesting. In 1990s, 
doping elements such as phosphorus, lithium, fluorine, titanium, chromium, nitrogen, 
boron, and silicon (Si) have been widely used to release the internal stress and improve 
the adhesion strength of DLC films. The latter is to avoid the films from ‘peeling-off’ 
the substrate during the deposition process (Ji et al., 2008; Liu et al., 1997). 
Incorporation of Si into a-C:H also reduces film stress while maintaining the hardness, 
friction, and wear (Shi et al., 1999). In this sense, Si can either be incorporated into the 
film as dopant elements or be directly bonded into the C network to form Si-C bonds. 
The product of the incorporation will form a-SiC film. This Si based thin film has 
attracted even more interest since the discovery by Spear and Lecomber in 1975 that 
amorphous silicon (a-Si) can be doped by C (Bullot et al., 1987). The unique aspect of 
a-SiC is that its properties can be easily controlled by manipulating the composition of 
either C or Si in the films (Pascual et al., 1995). 
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Various deposition techniques have been employed to deposit a-SiC films. 
CVD technique such as radio frequency plasma enhanced chemical vapour deposition 
(r.f. PECVD), inductively coupled plasma CVD, helicon wave PECVD, electron 
cyclotron resonance CVD, catalytic CVD and hot wire CVD have been widely used. In 
most work, these technique uses gas sources for both Si and C elements, typically silane 
(SiH4) and methane (CH4), respectively. For these work, the film compositions have 
been widely studied in terms of the variation in CH4 to SiH4 gas ratio (Cheng et al., 
2008; Chew, 2002; Kumbhar et al., 2001; Swain, 2006; Xu, 2005; Yu et al., 2004). By 
manipulating the ratio of CH4 and argon (Ar) or CH4 and SiH4 gas sources, the films 
can be tailored from C-rich a-SiC to Si-rich a-SiC. 
 
One of the disadvantages of these systems is the use of highly flammable or 
toxic gasses, particularly when SiH4 is used. There are reports of alternative gasses used 
such as that reported by Rajagopalan et al. (2003) who proposed the use of 
organosilicon sources containing both Si and C as constituent. Examples of 
organosilicon sources are tetramethylsilane, diethylsilane and hexametyldisilane. These 
gas sources have the advantage of using a single source for both silicon and carbon. 
However these gases are also toxic in nature. 
 
An even better alternative is the use of pure solid Si source. Such solid sources 
can be used together with physical sputtering technique. Moreover, sputtering methods 
are preferable due to their versatility and widespread use (Park et al., 2004). Sputtering 
technique has been well developed throughout the years after having gone through 
various modifications to enhance its performance and making it suitable for various 
materials including a-SiC (Bullot et al., 1987). However, there are still grounds for 
further improvement and versatility.  
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1.1.2 Plasma Enhancement of Chemical Vapour Deposition and Sputtering 
Processes 
 
The kinetics of r.f. discharge employing a two parallel electrodes setup is an 
important criteria in film deposition process (Mutsukura et al., 1995). Generally, plasma 
generation between the powered and grounded electrode are related to the movement of 
ions between them. The understanding of plasma kinetics, dissociation of the precursor 
and other sequential plasma chemical reactions are very important in the use of plasma 
process to grow C based thin films from CH4 gas mixed with other gases like hydrogen 
(H2) and Ar. 
 
Dissociation of CH4 gives rise to multitude of neutral, free radicals and ionic 
species from collisions between molecule-molecule, neutral-molecule, ion-molecule 
and electron. Amongst these, the electron collision remains the main interaction which 
maintains the dissociation of the precursors.  
 
In a sputtering process, heavy Ar ions effectively bombard a target surface and 
sputter atoms off the target resulting in film growth. Sputtering amorphous silicon (a-Si) 
target in CH4 atmosphere can result in the growth of a-SiC or Si doped a-C:H films. 
Another advantage of this process is that CH4 fragmentation can be enhanced by the Ar 
gas in the plasma (Raveh et al., 1992). Nasser et al. (1971) have noted that Ar can be an 
important additional source of active species which contributes to the gas phase process 
such as the charge transfer reaction. 
 
1.2 Inspirations and Research Objectives 
The home-built r.f. PECVD in Low Dimensional Material Research Centre, 
Department of Physics, University of Malaya has been developed to produce Si based 
thin films such as hydrogenated a-Si (Goh et al., 2012), hydrogenated nanocrystalline 
 INTRODUCTION 
 
  5 
silicon (nc-Si:H) (Goh et al., 2011) and multilayered nc-Si:H/hydrogenated amorphous 
carbon nitride (Ritikos et al., 2009). However, this process uses SiH4 gas as the 
precursor gas source. There is a need for a new system in the laboratory which is 
capable of depositing Si based films without the use of this highly toxic and flammable 
gas. The idea is to combine the advantages of both r.f. PECVD and sputtering technique 
in this system to grow Si based thin films. This home-built hybrid r.f. 
PECVD/sputtering system can fulfill the need for a simple, affordable, flexible and 
environmental friendly deposition system for growth of Si based thin films.   
 
The main objective of this work is to develop an environmental friendly 
deposition system for the growth of Si based thin films without the use of SiH4. In this 
work, hybrid r.f. PECVD/sputtering system which combines the r.f. PECVD and r.f. 
sputtering deposition processes is tested and used for the growth of a-SiC films. In order 
to achieve this main objective, sub-components of this work are done with the following 
objectives: 
1. To determine the structural and optical properties of a-C:H films 
grown by the r.f. PECVD component of the hybrid system at 
different total gas pressure. 
2. To determine the structural and photoluminescence (PL) emission 
properties of a-SiC films grown by the r.f. sputtering component of 
the hybrid system at different Ar gas flow-rates. 
3. To determine the structural and PL emission properties of a-SiC 
films grown by the newly developed hybrid r.f. PECVD/sputtering 
system at different r.f. power. 
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1.3 Thesis Outline 
Chapter 1 presents a brief introduction to this research work. This is then 
followed by Chapter 2 which highlights literature reviews related to this study. This 
chapter covers two major aspects. The first aspect focuses on describing the deposition 
system used in this work, namely the r.f. PECVD and hybrid r.f. PECVD/sputtering 
system. The second aspect looks into various properties of hydrogenated a-C:H and     
a-SiC thin films. The properties are reviewed based on the growth rate, structural and 
optical characteristics of the films.  
 
 Chapter 3 describes in detail the experimental and analytical measurements used 
in this study. These include the brief description on the setup of the r.f. PECVD and 
hybrid r.f. PECVD/sputtering system. This is followed by the sample preparation, 
deposition procedures for both systems, and film characterization techniques.  
 
Chapter 4 presents and discusses the results of the film characterization. This 
chapter emphasized on the effects of total gas pressure, PT to a-C:H thin films prepared 
by r.f. PECVD techniques. Effects of Ar flow rate and r.f. power on a-SiC deposited by 
hybrid r.f. PECVD/sputtering system is also reported.  
 
Finally, Chapter 5 presents the conclusions and also lists a few suggestions for 
future work. 
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CHAPTER 2   
 
LITERATURE REVIEW 
 
2.0 Chapter Outline 
This chapter explicates the literature review which covers two major aspects of 
this research work. The first aspect focuses on the two different types of deposition 
techniques which combine makes up the home-built hybrid radio frequency plasma 
enhanced chemical vapour deposition (r.f. PECVD)/sputtering used in this work. These 
techniques include stand-alone r.f. PECVD and sputtering deposition systems typically 
used in the fabrication of silicon (Si) and carbon (C) based materials. The second aspect 
of this chapter looks into various properties of hydrogenated amorphous carbon (a-C:H) 
and amorphous silicon carbon (a-SiC) thin films studied by other researchers.  
 
2.1 Review on Deposition Techniques for Silicon and Carbon Based Films 
Numerous deposition techniques have been explored and employed for the 
development of Si and C based materials such as r.f. PECVD (Ritikos et al., 2009), r.f. 
magnetron sputtering (Higa et al., 2006; Xu et al., 2005), r.f. sputtering (Vovk et al., 
2009), ion-beam deposition (Liao et al., 2002; Silinskas et al., 2008; von Keudell et al., 
2002), middle frequency plasma chemical vapour deposition (Guo et al., 2011), and 
electron cyclotron resonance chemical vapour deposition (Yoon et al., 2000). Among 
these, r.f. PECVD and sputtering are of keen interest in this research work. The 
following section discusses these two techniques to show why these processes are 
favored.  
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2.1.1 Radio Frequency Plasma Enhanced Chemical Vapour Deposition System: 
Hydrogenated Amorphous Carbon Thin Films 
The r.f. PECVD system used in this research work is available in Low 
Dimensional Material Research Centre, University of Malaya. It has been well-
developed and widely used in producing Si and C based thin films (Awang et al., 2006; 
Azis et al., 2007; Khanis et al., 2011; Othman et al., 2012; Othman et al., 2011; Ritikos 
et al., 2009). This home-built system not only reduces the cost of its setup and 
maintenance but also allows modification according to the need of the user. 
 
r.f. PECVD is different from the physical vapour deposition (PVD) technique 
such as sputtering, reactive sputtering, and ion beam sputtering as it offers a low 
temperature deposition condition (Jutarosaga et al., 2006; Vakerlis et al., 1991) and gas 
pressure (Cavallotti et al., 2004; Jaskorzynska et al., 2008). It can deposit thin films at 
higher deposition rate due to the advantage of the plasma generated by the system 
(Cavallotti et al., 2004; Ritikos et al., 2009). Plasma activates the chemical reaction at 
the surface of the substrate by generating reactive species in gas phase (Cavallotti et al., 
2004). r.f. PECVD is also a favorable technique since it is cost-effective, relatively 
easier to operate (Motta et al., 2004; Ritikos et al., 2009) and can produce large uniform 
area of deposited films (Jutarosaga et al., 2006; Motta et al., 2004). Furthermore, it 
possesses the benefits of the high-energetic electrons that can break the chemical bonds 
when colliding with neutral gas molecules (Zhi-hong et al., 2008). 
 
In r.f. PECVD system, plasma is generated by an alternating current power 
supply. A conventional r.f. generator operating at frequency of 13.56 MHz is typically 
used to initiate the plasma. It accelerates the electrons and ions of reactant gases to 
generate reacting species (Jaskorzynska et al., 2008). Parallel electrodes configuration is 
used in most of the commercial system (Cavallotti et al., 2004). Typically, the r.f. is 
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applied on one electrode while another electrode is grounded. Plasma is generated 
between these parallel anode and cathode electrodes (Alexandrov, 1995; Viana et al., 
2010). This is called capasitively coupled r.f. plasma (Alexandrov, 1995; Vakerlis et al., 
1991). The plasma allows chemical reaction of precursor gases to take part inside the 
chamber. The use of capasitive coupling makes the production of plasma more efficient 
since the molecules, radicals and ions of gases gain higher energies as they follow 
oscillatory paths between the electrodes. Dissociation and ionization of the gas 
molecules inside the plasma result in collisions of the radicals with excess molecules 
and other radicals which contribute to the film formation.  
 
According to Ritala et al. (2008) the interdependence between deposition 
parameters are minimal for r.f. PECVD system. Thus, by controlling the deposition 
parameters such as gas ratio and r.f. power, customization of the film properties can be 
obtained.  
 
2.1.2 Sputtering Mechanism and Techniques: Amorphous Silicon Carbon Thin 
Films 
 
Sputtering is a PVD technique which does not involve any complicated 
chemical reaction. Physical sputtering becomes very popular several decades ago since 
it is versatile due to its low operational cost and employs solid sources, thus avoiding 
the use of toxic gases such as SiH4. Normally, the sputtering process is carried out by 
using heavy ions such as helium and argon (Ar) (Bullot et al., 1987). The presence of 
reactive gases also contributes to the sputtering, in addition to the deposition conditions. 
Sputtering is also a very versatile method since a variety of material such as metals can 
be sputtered to form a metal-doped film (Bullot et al., 1987). However, the disadvantage 
of this technique is its low deposition rate (Bullot et al., 1987) with considerable amount 
of impurities from the target such as oxides (Kassiba et al., 2002). 
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Sputtering is a process whereby the atoms are ejected from the surface of a 
solid target material due to bombardment by energetic particles. Ion bombardment is a 
critical parameter which strongly influences the structure and properties of the 
deposited films (Kelly et al., 2000; Wang et al., 1998). r.f plasma is used to split gas 
molecules into energetic ions and create high energy particles which bombard and 
sputter the target. Movements of the sputtered atoms are facilitated by charge difference 
between the target (powered) and substrate (grounded) electrodes. The sputtered atoms 
from the target material will move towards the grounded electrode and form thin films 
on the substrate. It is normal that the deposited films from sputtering process hold the 
compositions of the target. Generally, SiC thin films deposited by sputtering technique 
involve the process of bombarding a single SiC target or co-sputtering of two different 
targets made up of Si and graphite in Ar environment (Bullot et al., 1987; Li et al., 
2007). Additionally, adding gas sources such as SiH4 and CH4 could provide the 
necessary Si and C elements for the films. SiH4 would bombard the graphite target 
while CH4 tends to bombard the Si target in order to produce SiC thin films (Ghodselahi 
et al., 2008; Le Contellec et al., 1979; Wang et al., 1998).  
 
2.1.3 Hybrid System Involving Sputtering Technique  
 
Hybrid or combined deposition system has been widely employed by 
researchers by combining typical sputtering technique with another deposition system. 
Examples of different hybrid setup are shown in Figure 2.1. 
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(Ji et al., 2008) 
 
(Frach et al., 2010)  
 
(Ghodselahi et al., 2008) 
 
(G. Li et al., 2007) 
 
Figure 2.1: Schematic illustration for deposition setup of (a) Unbalance magnetron sputtering 
combined with inductively coupled r.f. plasma chemical  vapour deposition (b) 
Magnetron sputtering and PECVD (c) Co-deposition process of r.f. sputtering and 
r.f. PECVD (d) Combined metal vapour vacuum arc (MEVVA) ion implantation 
wih ion beam assisted deposition (IBAD). 
 
 
Combination of r.f. plasma and magnetron sputtering deposition process has 
been studied by Chan et al. (2011), A. Mahmood et al. (2000) and Liu et al. (2002). A 
hydrogenated diamond-like carbon (DLCH) with a copper dopant (Cu/a-C:H) was 
deposited on glass substrate under various Ar to CH4 gas mixture. The advantage of 
using such system is the low substrate temperature allowing the use of various 
temperature-sensitive substrates. Other modification and customization of relevant 
(a) (b) 
(c) (d) 
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hybrid system includes the use of unbalanced magnetron sputtering combined with 
inductively coupled r.f. PECVD to form molybdenum-doped DLC thin films studied by 
Ji et al. (2008). The system consists of pulse bias assisted r.f. inductively coupled 
plasma chemical vapour deposition unit and medium frequency unbalanced magnetron 
sputtering unit (Ji et al., 2008). Besides that, combined magnetron PECVD and 
sputtering deposition technique have been developed to adopt the process pressure of 
the conventional PECVD and sputtering process which work under different deposition 
pressure (Ji et al., 2008). Hard and brittle metal oxide can be coated to soft and elastic 
polymer substrates by combining these two processes.  
 
The hybrid r.f. PECVD/sputtering setup used by T. Ghodselahi et al. (2008) 
shown in Figure 2.1 (c) resembles the one used in this work. They have used this so 
called co-deposition of r.f. sputtering and r.f. PECVD method to deposit nanoparticle 
Cu/C composite films (Ghodselahi et al., 2008). Acetylene (C2H2) gas and Cu target 
were used as precursor gas and target, respectively (Ghodselahi et al., 2008). C2H2 was 
used as both reactive and bombarding gas in this r.f. plasma system. They studied the 
deposition process by changing the deposition pressure at constant power regime. The 
change in deposition pressure to lower value causes the physical sputtering mode to 
take over the r.f. PECVD deposition process.  
 
2.2 Review on Properties of Hydrogenated Amorphous Carbon Thin Films 
a-C:H thin films are of keen scientific interest since the 70’s until recent years 
due to their unique tunable structure and properties (Schwan et al., 1996). They have 
been deposited in various ways to produce a wide range of film properties (Valentini et 
al., 2001). These include chemical inertness, extreme hardness, optical transparency, 
low friction coefficient, good thermal conductivity, good electrical insulation and even 
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exhibit high photoluminescence (PL) efficiency (Liao et al., 2002; Liu et al., 1997; 
Rusli et al., 1995; Tomasella et al., 2001; von Keudell et al., 2002). These properties 
make them promising candidates for various applications such as protective and optical 
coatings, planarization layers for device fabrication and light-emitting devices (Liao et 
al., 2002; Liu et al., 1997; Tomasella et al., 2001). 
 
Hydrogen (H) plays a major role in determining the film properties (Marins, 
2011; Silinskas et al., 2008). H mainly passivates dangling bonds in such films. In sp
2
 
rich films, the incorporation of H saturates π bonds and thus promotes sp3 bonding. At 
high H concentration this results in films with high energy gap, Eg (Awang et al., 2006; 
Dieguez Campo et al.; Maître et al., 2005). Different hydrogen content, CH and 
chemical bonding configurations would likely modify a-C:H film structures, changing it 
from hard DLCH films to soft polymer-like carbon (PLCH) films (Awang et al., 2006). 
These can be effectively controlled by manipulating the deposition parameters and 
techniques used (Awang et al., 2006; Neyts et al., 2007; Ritala et al., 2008; Silinskas et 
al., 2008; Valentini et al., 2001). Numerous investigations have been carried out to 
understand the films growth, structural and optical properties by various analytical 
instruments. 
 
2.2.1 Growth Rate of Hydrogenated Amorphous Carbon Thin Films 
 
Hydrocarbon source can be chosen from different gases such as CH4, C2H2, 
ethylene and benzene (Deng et al., 2011). Among this, CH4 is typically used. From the 
CH4 discharge, methyl (CH3) is a predominant species which are generated in the 
plasma (Guo et al., 2011; Liu et al., 1997; Tomasella et al., 2001; von Keudell et al., 
2002). It is very important to understand the role of CH3 radicals and ions since they 
play an important role in the growth of a-C:H thin films (Liao et al., 2002). Deposition 
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parameters such as r.f. power, gas flow rate and deposition pressure strongly influence 
the impact energy of the ions impinging the surface of the substrate (Awang et al., 
2006; Maréchal et al., 1998; Ryu et al., 2000; Silinskas et al., 2008; Viana et al., 2010). 
 
A good example which explains the growth kinetics of these films is seen from 
the work of Cavalotti et al. (2004) which investigate the deposition and etching of thin 
solid films by weakly ionized plasma and relate the physical events and chemical 
reactions. They also discuss the influence of ion bombardment on the morphological 
and chemical evolution of the deposited films (Cavallotti et al., 2004). The discussion 
could be summarized into two phases. The first phase is related to the concentration, 
energy and reactivity of produced molecules, radicals, ions and electrons in the gas 
phase. The second phase occurs close to the film surface and involves the ion 
bombardment which has a significant impact on the surface chemistry.  
 
Details on growth mechanism at the film surface have been elaborated by 
Neyts et al. (2007). Various processes occur at the film surface throughout the growth 
of a-C:H thin films are shown in Figure 2.2.  
 
Figure 2.2: Schematic diagram of the deposition process in a-C:H film growth involving (1) ion 
subplantation, (2) creation of surface dangling bond by ion impact, (3) creation of 
surface dangling bond by H-abstraction, (4) radicals passivating the surface 
dangling bond, (5) H-abstraction from subsurface C-H bonds, (6) H repassivating 
subsurface dangling bonds (Neyts et al., 2007).  
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The diagram also illustrates the role of H atoms for film growth. Using r.f. 
PECVD method allows not only ions but also neutral species (radicals) to take part in 
the growth process (Neyts et al., 2007). 
 
Chemical reaction at the surface of the films determines the sticking coefficient 
of neutral species and thus influences the growth rate of the films (Cavallotti et al., 
2004; Neyts et al., 2007). CH3 radicals cannot passivate directly into surface bonds but 
can react with the surface if dangling bonds are present. The dangling bond can be 
created by H radicals from the plasma.  
 
H concentration in the plasma also influences the growth of the films (Higa et 
al., 2006). Synergism between H atoms and CH3 radicals is very important in 
determining the growth rate of the films (Neyts et al., 2007). H is responsible for two 
different effect as it can increase or decrease the growth rate by H etching effect if 
excessive H is applied (Awang et al., 2006; Deng et al., 2011; Goswami et al., 2008; 
Neyts et al., 2007; S. Yang et al., 2009).  
 
2.2.2 Structural Properties of Hydrogenated Amorphous Carbon Thin Films 
 
The structure of a-C:H was not fully understood until a structural model was 
developed by Robertson et al (1995, 1996). Numerous researchers refer to these studies 
in order to analyze structural properties of a-C:H thin films specially when 
characterized by Raman spectroscopy. Fourier transform infrared (FTIR) spectroscopy 
can be used to study the structural properties in term of chemical composition and 
bonding. 
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a-C:H can be classified into four groups which consist of graphite-like a-C:H 
(GLCH), tetrahedral  hydrogenated carbon (ta-C:H), DLCH and PLCH (Casiraghi, 
Ferrari, et al., 2005; Casiraghi, Piazza, et al., 2005).The classification can be simplified 
as shown by the ternary phase diagram for H-free and a-C:H thin films in Figure 2.3. 
Among them, GLCH contain the lowest CH of less than 20 % and high sp
2
 clustering 
and sp
2
 content. The energy gap, Eg is typically under 1 eV. a-C:H with highest CH of 
40 to 60 % can be classified as PLCH. These films have approximately 70 % of H 
terminated sp
3 
bond. DLCH have intermediate CH of 20 to 40 %. These films have low 
overall sp
3
 content but contain higher C-C sp
3
 compared to PLCH. Their Eg ranges from 
1 to 2 eV. ta-C:H falls within the category of DLCH but with significant  C-C sp
3
. This 
content can be as high as 70 % even when CH is regulated at 25 %. The Eg can reach up 
to 2.3 eV.  
 
 
Figure 2.3: Ternary diagram illustrates four classes of a-C:H 
 (Casiraghi et al. 2005). 
 
 
Some studies also found another class consisting of highly hydrogenated 
GLCH (GLCHH) (Casiraghi, Ferrari, et al., 2005). This class is unusual, but can be 
obtained when films are deposited by PECVD in CH4 and H2 environment (Casiraghi, 
Ferrari, et al., 2005). Raman parameter for this film show GLCH characteristics but has 
higher PL background. The CH is greater than 20 % (Casiraghi, Ferrari, et al., 2005). 
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Typical Raman spectra for GLCHH compared to GLCH and PLCH are shown in Figure 
2.4. It is apparent that structural properties of a-C:H are directly dependent on sp
2
, sp
3
 
and CH. 
 
 
Figure 2.4: Typical Raman spectra for different types of a-C:H thin films (Casiraghi, Ferrari, et 
al., 2005).  
 
 
All a-C:H thin films exhibit similar Raman spectra within the range of 800 to 
2000 cm
-1
 region. For both visible excitation of 514 nm and ultra violet (UV) excitation 
of 244 nm, the spectra mainly consist of two peaks centered at around 1360 and 1560 
cm
-1
 which are assigned to the so-called D and G peaks, respectively. The D peak is a 
disorder-induced band and is due to the breathing modes of sp
2
 atoms in rings, while the 
G (Graphite) peak is due to the bond stretching of all pairs of sp
2
 atoms in both rings 
and chains (Buijnsters et al., 2009; Deng et al., 2011; Silinskas et al., 2008; Veres et al., 
2008). In the case of visible excitations, both D and G peak are due to sp
2
 sites which 
shows that the Raman spectra are dominated by these sp
2
 sites (Casiraghi, Ferrari, et al., 
2005; Ferrari et al., 2003). For UV laser source, an additional peak found at 
approximately 1060 cm
-1
 can be observed. This peak corresponds to the T peak 
1360 cm
-1
 
1360 cm
-1
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associated to C-C sp
3
 vibrations. Higher PL background can overshadow the D and G 
peaks as illustrated in Figure 2.5.   
 
 
Figure 2.5: Typical Raman spectra with significant PL background (Buijnsters et al. 2009). 
 
 
Additional peaks apart from the D and G should also be considered. This 
include a peak located at 1180 cm
-1
 attributed to sp
3
-rich phase (Schwan et al., 1996) 
and a peak at 1150 cm
-1
 related to sp
3
-C with some sp
2
 contributions (Chu et al., 2006). 
 
On the other hand, auxiliary gases like H can greatly affect the structure of a-
C:H films  in such a way that it links the amount and configuration of the sp
2
 phase with 
the sp
3
 content (Casiraghi, Ferrari, et al., 2005; Deng et al., 2011). H can also affects the 
structure of the films by decreasing the sp
2
-C bonds and increase the C-H bonds due to 
the higher probability of passivating dangling bonds which otherwise would form C-C 
bonds (Silinskas et al., 2008).  
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High CH in a-C:H would typically exhibit high PL background in Raman 
measurement (Buijnsters et al., 2009) as shown in Figure 2.5. The dotted line in Figure 
2.5 (b) shows the interpolation of the PL background from the Raman spectra. CH can 
be estimated from this interpolation using an approximation listed in Equation 2.1. CH is 
calculated using the ratio between the slope (m) of the fitted linear background and the 
height of the G band (HG) measured in micron, m/HG (Casiraghi, Ferrari, et al., 2005a; 
Casiraghi, Piazza, et al., 2005; Xie et al., 2010). 
 
   (at )   21.7   1 .  log  
 
  
  m }    …........................  (Equation 2.1) 
 
Alternatively, CH can also be calculated from FTIR spectroscopy. Typically, 
the FTIR spectra of a-C:H will exhibit a broad absorption band at around 2600 to 3300 
cm
-1
 which is attributed to various C-H vibration modes (Son et al., 2001). A typical C-
H band in this region is shown in Figure 2.6.  
 
 
Figure 2.6: Typical FTIR spectra within the range of 2600 to 3200 cm
-1
 which assigned to C-H 
stretching modes (Son et al. 2001). 
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This absorption band is made up of several overlapping peaks. This includes 
the peaks at 2855, 2870, 2930 and 2960 cm
-1
 associated to sp
3
-CH2 (symmetric), sp
3
-
CH3 (symmetric), sp
3
-CH2 (asymmetric) and sp
3
-CH3 (asymmetric), respectively. 
Additionally, sp
2
-CH2 and sp
2
-CH bonding peaks can be found at 2950 cm
-1 
and       
3000 cm
-1
, respectively (Son et al., 2001). 
 
To analyze the FTIR spectra, they are normalized to the film thickness and 
deconvoluted using Gaussian fitting to obtain the total integrated area under the spectra. 
The relative hydrogen content, CH is estimated using the relation 
 
  
 



d
N
A
C
C
H       …........................  (Equation 2.2) 
 
where 
 



d  is the integrated intensity of the C-H absorption band at 
approximately 2900 cm
-1
. A is the proportionality constant for this C-H mode. The 
value of A used for this work is 1.35x 10
21 
cm
-2
 (Huang et al., 2002; Liu et al., 1997a). 
NC is the atomic density of carbon atoms in diamond which is taken as 1.76x10
23 
cm
-3
. 
The absorption coefficient at wavenumber ω, (ω) was normalized to the film 
thickness.  
 
2.2.3 Energy Gap and Photoluminescence Emission Properties of Hydrogenated 
Amorphous Carbon Thin Films 
 
According to structural model of a-C:H, these films are made of sp
2
 hybridized 
C atoms which form cluster in chain or rings (Füle et al., 2006). This forms the basis of 
the so-called cluster model whereby these sp
2
 bonded clusters are embedded in the 
amorphous sp
3
 matrix (Füle et al., 2006; Robertson, 1995; Rusli et al., 1996). The sp
3
 
phases create the σ valence and σ* conduction-band states, separated by a band gap in 
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the order of 6 eV. The lower optical gap is contributed by the π to π* states which is 
made up of the sp
2
 phases in the films (Gupta et al., 2006). The size and configuration 
of sp
2
 clusters control the band gap (Robertson, 1996) and hence the optical properties.  
 
In addition, photoluminescence (PL) emission is also related to the band gap of 
these films (Adamopoulos et al., 2004). Since the band gap is controlled by the sp
2
 
configurations, PL occurs from the excitation and recombination of electron hole pairs 
which takes place within these sp
2
 clusters (Marchon et al., 1997; Rusli et al., 1995). 
Among others, CH gives significant influence on the PL properties of the films (Deng et 
al., 2011). Introduction of H into the films helps saturates non-radiative recombination 
center thus producing stronger PL emission (Buijnsters et al., 2009; Casiraghi, Ferrari, 
et al., 2005; Marchon et al., 1997). PL intensity also tends to increase with CH which 
may be due to longer localization of electron hole pair in its own cluster (Adamopoulos 
et al., 2004). While PL efficiency can be quenched when the Eg is narrowed, the 
narrowing of the Eg may not necessary decrease it since it may occur due to quantum 
confinement effect which would effectively increase PL efficiency. 
 
2.3 Review on Properties of Amorphous Silicon Carbon Thin Films 
a-SiC films exhibit many noble properties such as high hardness, high thermal 
conductivity, good radiation resistance, good biocompatibility, improved high 
temperature stability and chemical inertness (Chung et al., 2008; Li et al., 2007; Mishra 
et al., 2007; Rashid et al., 2013; S. Lin, 2002; Swain, 2006; Swain and Dusane, 2006). 
Incorporation of Si into a-C:H has been reported to reduce film stress while maintaining 
the hardness, friction and wear (Rashid et al.; Shi et al., 1999). The Si doping also 
enhances corrosion resistance properties of amorphous carbon (Papakonstantinou et al., 
2002; Rashid et al.). Potential applications include solar cells, photoluminescent 
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materials, optoelectronic devices and also high temperature engineering materials 
(Ahmed et al., 2011; Lien, 2011; Rashid et al.).  
 
2.3.1 Growth Rate of Amorphous Silicon Carbon Thin Films  
Growth rate of a-SiC thin films strongly depends on the deposition method 
employed. There is various deposition techniques employed in the formation of a-SiC 
thin films. One of the popular methods is the r.f. PECVD. For this method, the growth 
rate can be easily controlled by varying certain deposition parameters such as r.f. power, 
deposition pressure and reactant gas ratio (Aida et al., 1996; Ambrosone et al., 2002; 
Xu, 2005; Yu et al., 2004). In most work, this method uses Si based gas source such as 
SiH4 and S2H2 (Shi et al., 1999; Swain and Dusane, 2006). Summonte et al. (2004) 
reported the increase of growth rate with the increase in SiH4 flow rate.                 
Racine et al. (2001) however obtained the trend in deposition rate that is opposite to the 
previous report, whereby the growth rate decreases with increasing SiH4 gas source. 
They believed this may be caused by lower incorporation efficiency of Si compared to 
C, higher etching or sputtering reaction of weaker Si-C bonds compared to C-C bonds 
(Racine et al., 2001). However, one of the most significant disadvantages of this method 
is the use of these highly toxic gases. Alternatively, it has been reported that the use of 
solid amorphous or crystalline Si sources can enhance the film formation and therefore 
increase the deposition rate of these films (Gupta et al., 2006; Lee et al., 2004).  
 
Employing sputtering technique can meet the demand of eliminating the use of 
SiH4 for the deposition process. In sputtering process, ion bombardments are 
predominantly carried out by heavy ions typically Ar. Compare to H, Ar ion 
bombardment creates high surface defect density since the reaction between Si target 
and Ar ions only involves simple collisions (Umezu et al., 2002). If hydrocarbon gas 
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such as CH4 is discharged simultaneously with the Ar, this will create a reactive 
sputtering process which will further influence the deposition of the films (Gupta et al., 
2006).   
 
Ion bombardment is the main factor affecting the film grown from sputtering 
process and can be enhanced by applying high r.f. power (Aida et al., 1996). Apart from 
that, r.f. power would greatly influence the dissociation and ionization of hydrocarbon 
precursor and sputtering gas. Along with the r.f. power, varying the deposition pressure 
may also improve the density of the ions in the plasma (Aida et al., 1996). As a result, a 
much higher flux of energetic ions are imposed onto the substrate. Effect of deposition 
pressure at low r.f. power is less significant since the ionization process is low at this 
power range (Aida et al., 1996). It should be noted that the collision of Ar ions do not 
contribute to the film composition whereby they only distribute their kinetic energy 
towards the target. 
 
2.3.2 Structural Properties of Amorphous Silicon Carbon Thin Films 
Raman spectroscopy is a well-known technique to detect both amorphous and 
crystalline C and Si phases. A number of recent research have employ this technique to 
study the structural characteristics of this films such as that of Ward et al. (2004) in the 
characterization of SiC monofilaments produced by CVD technique. Raman 
spectroscopy is able to identify small amount of C and Si that might be difficult for 
electron techniques. In terms of the C phases, ultra violet Raman (325 nm) can provide 
information for both sp
2
 and sp
3
 phases in the material (Adamopoulos et al., 2004). In 
the same way, Raman spectroscopy can detect and identify crystalline and amorphous 
Si phases in the film. Figure 2.7 shows typical Raman spectra for a-SiC films composed 
of various C and Si phases. These spectra show the D and G band within the range of 
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1000 to 1600 cm
-1
 attributed to the presence of various sp
2
 and sp
3
-C phases, and also 
the Si phase in the range of 150 to 1000 cm
-1
. Sharp protruding peak at 520 cm
-1
 is 
ascribed to the optical phonon mode of crystalline silicon. Amorphous Si gives 
characteristic of broad band at around 480 cm
-1
.  
 
 
Figure 2.7: Raman spectra of a-SiC films composed of various Si content (Shi et al., 1999). 
 
 
Figure 2.7 also illustrates variation in spectra for different Si and C 
composition in SiC films ranging from Si-rich to C-rich films (Shi et al., 1999). Swain 
(2006) obtained almost the same characteristics with increase in S2H2 flow rate. c-Si 
substrate may exhibit background peak consisting of sharp first and second order Si 
peak at 520 and 950 cm
-1
, respectively (Cheng et al., 2008; Chew, 2002). For Si-rich a-
SiC films, the broad a-Si spectra which comprises of Si-Si network may overlapped 
with the substrate signal. This broad a-Si spectra are the results of the superimpose of 
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various peak at around 150, 300, 380 and 950 cm
-1
 assigned to transverse acoustic (TA), 
longitudinal acoustic (LA), longitudinal optical (LO) and transverse optical (TO), 
respectively (Swain and Dusane, 2006). Films with intermediate Si and C content 
typically exhibit Raman spectra at around 650 to 1000 cm
-1
 as shown in Figure 2.7 
(Chew, 2002; Shi et al., 1999; Swain and Dusane, 2006; Swain and Dusane, 2007). This 
so called SiC band which assigned to SiC vibrational mode can be detected for the films 
with significant C concentration (Yu et al., 2004). 
 
Figure 2.8 shows a typical deconvoluted spectrum in this region. A significant 
prominent TO peak suggest a significant ordering in atomic ring structure in the Si-Si 
network (Swain and Dusane, 2007). On the other hand, C-rich a-SiC films generally 
display a broad peak ranging from 1300 to 1500 cm
-1
. An additional peak at 1400 cm
-1
 
may be seen due to the presence of C bonded to Si or H atoms (Swain, 2006). 
 
 
Figure 2.8: Typical deconvoluted peak of Si-Si network for a-SiC:H thin films (Swain and 
Dusane, 2007). 
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FTIR analysis can be used to support the information obtained from Raman 
spectroscopy. Typical FTIR spectra for SiC thin films are shown in Figure 2.9. The 
main features of the spectra include the peak at around 800 and 1100 cm
-1
. The 
absorption peak at approximately 790 cm
-1
 is attributed to Si-C stretching mode (Cheng 
et al., 2008; Jung, 2003; Kumbhar et al., 2001; Li et al., 2011; Sha et al., 2005). Si-O 
stretching vibration can be observed at 1100 cm
-1
 (Jung, 2003; Sha et al., 2005). Some 
researchers relate this peak to oxygen contamination during or after the deposition 
process (Li et al., 2011; Lin, 2002; Sundaram et al., 2000; Yu et al., 2004). 
Additionally, peak at 840 cm
-1
 which assigned to Si-O-Si stretching vibrations can also 
be detected as reported by Dohi et al. (2002).  
 
  
Figure 2.9: FTIR spectra of SiC thin films (Jung et al. 2003). 
 
 
2.3.3 Photoluminescence Emission Properties of Amorphous Silicon Carbon 
Thin Films 
The origin of PL is closely related to the structural properties of the films. The 
optical properties of the films can be tuned by manipulating the compositional ratio of C 
to Si in the films (Xu et al., 2005). PL in Si-rich hydrogenated a-SiC is similar to that of 
C-free hydrogenated a-Si films (Robertson, 1996). C content strongly influences the PL 
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intensity and peak position for such film (Coscia et al., 2008; Hu et al., 2004). By using 
the a-C:H framework as was discussed in Section 2.2.3, the PL mechanism of C-rich a-
SiC can be interpreted by attributing it to the radiative recombination of photoexcited 
electron-hole pairs within sp
2
 clusters (Cheng et al., 2008; Robertson, 1996). PL can be 
quenched with the presence of non-radiative recombination centers (Cheng et al., 2008; 
Robertson, 1996) from paramagnetic Si dangling bonds (Robertson, 1996). PL of C-rich 
SiC is temperature independent and is not quenched by relatively high paramagnetic 
defect (Robertson, 1996). Indeed, PL efficiency correlates poorly with the paramagnetic 
defect densities (Robertson, 1996). Furthermore, Hu et al. (2004) suggested that this PL 
emission is related to the radiative recombination originated from defect state. Si-C 
bonds and H atoms can effectively passivate the Si dangling bonds and enhance PL 
intensity (Coscia et al., 2008; Huran et al.). 
  
From the work carried out by Anis et al. (2007) a relationship between PL 
emission and Eg of the films was studied. The shift in peak position was related to the 
change in Eg. A broad PL spectra consisting of two or more overlapping peaks suggest 
that the films are multiphase in structure (Kumbhar et al., 2001). Kumbhar et al. (2001) 
relate the double band features of PL spectra to mixed phase structure of sp
3
-C 
embedded in SiC matrix. Xu et al. (2005) also obtained multiband PL spectrum which 
can be attributed to the recombination process through localized states in a-SiC 
structures. There are also reports that suggest the PL emission is governed by the 
existence of Si-O bonds (Kassiba et al., 2002; Xu et al., 2005). 
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CHAPTER 3   
 
EXPERIMENTAL SETUP 
 
3.0 Chapter Outline 
Radio frequency plasma enhanced chemical vapour deposition (r.f. PECVD) is 
one of the most well established techniques in producing thin films. However, in this 
research project, a modification of the conventional r.f. PECVD system was adopted. 
The system was upgraded by inserting an r.f. sputtering setup into the conventional 
system in order for both techniques to work simultaneously and thus combines the 
advantages of r.f. PECVD and r.f. sputtering techniques. The advanced system is named 
hybrid r.f. PECVD/sputtering system. 
 
This chapter mainly consists of two aspects. The first aspect focuses on the 
hybrid r.f. PECVD/sputtering system, which combines the strengths of each 
independent technique and at the same time minimizing their negative impacts. The 
second aspect describes the sample preparation procedures and measurement technique 
involved in the characterization of these thin films. Figure 3.1 summarized the sample 
preparation variables of this research work.  
 
3.1 Deposition System Setup 
Generally, hybrid r.f. PECVD/sputtering system comprises of two different 
techniques which are implemented in the same system, causing them to share almost 
similar design, equipment and experimental setup. Figure 3.2 shows the home-built 
hybrid r.f. PECVD/sputtering system in the laboratory. 
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SET 1 
 
 
 
 
 
 
SET 2 
 
 
 
 
 
 
 
SET 3 
 
 
 
 
 
 
 
  
a-C:H thin films deposited by r.f. PECVD system 
Variable: Total gas pressure, PT 
32 Pa 72 Pa 88 Pa  100 Pa 150 Pa 
Characterization 
a-SiC thin films deposited by  
sputtering system 
Variable: Ar flow rate 
5.7 sccm 7.5 sccm 15.0 sccm 30.0 sccm 
Characterization 
60 W 80 W 100 W 120 W 150 W 
a-SiC thin films deposited by  
r.f. PECVD/sputtering system 
Variable: r.f. power 
Figure 3.1: Summary of sample preparation variables. 
 
Characterization 
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Figure 3.2: Home-built r.f. PECVD/sputtering deposition system. 
 
 
The schematic representation of the system is shown in Figure 3.3. The hybrid 
system involves an insertion and modification on the reaction chamber which will be 
explained later in this chapter. The deposition system mainly consists of three major 
parts which are the evacuation subsystem, the gas distribution subsystem and the 
electrical subsystem. All of these subsystems are connected directly to the reaction 
chamber. The evacuation subsystem contains of a rotary pump for a low vacuum 
pumping and a diffusion pump to achieve high vacuum. The diffusion pump is water-
cooled and is connected to another rotary pump which acts as a backing pump. The gas 
lines and the pressure controller make up the gas distribution subsystem, whereas the 
electrical subsystem includes the r.f. and heater power supplies, temperature controller 
and bias voltage source.  
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Figure 3.3: Schematic diagram of r.f. PECVD/sputtering deposition system. 
 
3.1.1 The Evacuation Subsystem  
The evacuation subsystem is used to sustain a vacuum condition and maintain 
a controlled environment therefore reducing the impurities that may contaminate the 
films during and after deposition. This subsystem helps in maintaining the required 
deposition pressure during the deposition process. The evacuation subsystem consists of 
three vacuum pumps which comprises of an Edwards E2M28 and Edwards E2M8 
rotary oil pumps and an Edwards P603 oil diffusion pump. In the early stage of the 
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pumping process, the rotary pump will operate in the viscous region (fore and roughing 
pump) allowing the pressure to go down to 10
-3
 mbar.  
 
The diffusion pump is connected at the bottom of the whole system and is 
backed by an Edwards E2M8 rotary oil pump. The diffusion pump or high vacuum 
pump will take over the pumping process in the molecular flow region to further 
decrease the chamber pressure down to 10
-5
 mbar. This will assure that the chamber will 
achieve the lowest possible pressure in order to reduce contamination. The pumping 
process is also carried out with the valves of the gas lines fully opened to ensure no 
leakage is present.  
 
3.1.2 The Gas Distribution Subsystem 
Suitable gas composition is needed in order to deposit specific samples. This 
can be achieved by mixing different gases such as methane (CH4), hydrogen (H2) and 
Argon (Ar). These gases are supplied from the gas tank into the reaction 
chamber through the gas lines. The gas is prevented from back-flowing by using one 
way valve placed at specific location along the gas line. Gas regulators for each gas tank 
are needed to control the gas flow in the gas lines and the pressure is kept at 5 PSI. The 
specified gas flow rates are controlled by the mass-flow controllers (MFCs). Each flow 
rates is limited by the maximum range allowed by the MFC. Aalborg MFC has 
maximum flow rates of 60 and 200 standard cubic centimetres per minute (sccm) for 
CH4 and H2 precursor gases, respectively. For Ar gas, the maximum flow rate set by 
Aera FC770AC MFC is 300 sccm.  
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3.1.3 The Electrical Subsystem 
The electrical subsystem comprises of r.f. power supply to generate the plasma 
from gas discharge, feedthrough for grounding or voltage bias supply, and the 
temperature controller connecting both the heater and thermocouple to maintain the 
substrate temperature during the deposition process. 
 
An industrial standard 13.56 MHz r.f. regulator (ENI model, No:4CG-6B) is 
used to power the system. It is connected to the chamber through a manual tuning 
impedance matching network (model MMN600/Pi) which is used to increase the power 
dissipation, preventing any reverse power and protect the r.f. generator. The heater and 
thermocouple is connected to a temperature controller (model Taishio TS 501), which 
regulates the temperature at given set point. The temperature is directly measured on 
glass substrate placed on the holder. Care was taken to ensure proper isolation of the 
thermocouple tip with the holder itself.  
 
3.1.4 The Reaction Chamber 
A description of the reaction chamber for both r.f. PECVD and hybrid r.f. 
PECVD/sputtering systems will be explained in this section. The reaction chamber 
plays the most important role in the deposition system as it connected to all the 
subsystems involve in the deposition system. The reaction chamber is also the location 
for the substrates and where the chemical reaction takes place. The reaction chamber is 
designed so that the plasma discharge will be generated between top and bottom 
electrodes. As shown in Figure 3.4(a) and 3.4(b), the reaction chamber is generally 
composed of three parts which comprise of the top cover plate, the main chamber and 
base chamber.  
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The main chamber is made from stainless steel with dimension of 18.4 cm 
high, 0.5 cm thick and 13.4 cm in diameter. The main chamber, the top cover plate and 
base chamber are secured together. The upper part of the main chamber is screwed to 
the lower part of the top cover plate, while the lower part of the main chamber is 
screwed to the upper part of the base chamber. To prevent gas leakage and to sustain the 
low pressure condition inside the chamber, the upper part of the main chamber is 
grooved by 20.5 cm in diameter to fit in a 0.5 cm thick Viton O-ring.   
 
The differences between both r.f. PECVD and hybrid r.f. PECVD/sputtering 
systems involve mainly at the top cover plate and the position of electrical subsystem 
connections as displayed in Figure 3.4(a) and Figure 3.4(b).  
 
Figure 3.4 (a) shows the schematic diagram of the home-built r.f. PECVD 
system consisting of parallel plate electrode configuration. Teflon is used to isolate the 
stainless steel bottom and top electrodes from the base chamber and top plate, 
respectively to avoid short circuitry. Teflon stud is made not only to isolate the base 
chamber from the substrate holder, but it is also designed with different height to vary 
the substrate distance between top and bottom electrodes. The top electrode is powered 
and also acts as the showerhead for gas feed while the bottom electrode is grounded. 
This bottom electrode also acts as the substrate holder where the heater and 
thermocouple are attached. a-C:H were deposited using this system at different total gas 
pressure, PT with fixed flow rate ratio of CH4 and H2 at 1 to 5 sccm, respectively as 
reference. 
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Figure 3.4: The schematic diagram of reaction chamber of (a) home-built r.f. PECVD and (b) home-built hybrid r.f. PECVD/sputtering system. 
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Figure 3.4(b) represents the schematic diagram of the home-built hybrid r.f. 
PECVD/sputtering system. Basically, the additional components for r.f. sputtering setup 
only involved the insertion of sputtering target. A pure amorphous silicon (a-Si) target 
(99.999%) is used. In contrast with the simpler r.f. PECVD system, the a-Si target is 
placed at the bottom electrode replacing the position of substrate holder as in the r.f. 
PECVD system. The bottom electrode held the a-Si sputtering target with diameter of 
10 cm and thickness of 3 cm. The silicon target is glued on a copper bottom plate by 
epoxy kit. Also, this target is now the powered electrode. Consequently, the top 
electrode acts as the substrate holder and thus also eliminates the use of a showerhead in 
feeding the gasses into the system.  The gas is fed into the chamber via a gas inlet on the 
chamber walls. This substrate holder inserted with a cylindrical heater is also grounded.  
The thermocouple is used to measure the temperature. Using this system amorphous 
silicon carbon (a-SiC) thin films were deposited at different Ar flow rate ratio and r.f. 
power. Detailed descriptions and information on the deposition parameters are provided 
in Section 3.4. 
 
3.2 Pre-deposition Preparation  
Substrate preparation needs to be carried out prior to thin film deposition 
process. This is to ensure that the samples produced shows good adhesion. The use of 
glove and tweezers are compulsory at all times. 
 
3.2.1 Substrate Cleaning Procedure 
 
p-type crystal silicon c-Si (111), quartz and glass substrates were used in this 
work. Optical properties were measured for samples deposited on quartz and glass 
substrate, while the chemical bonding and structural properties were determined for 
films deposited on c-Si substrates. These substrates need to be cleaned to ensure that the 
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surface is free from any contaminants. The contaminants usually encountered are finger 
print, oil, lint, manufacturing and packaging residual and airborne particulate matter. 
The degree of cleanliness needed, the type of contaminant on the substrate’s surface and 
the type of substrate will determine the cleaning technique that should be applied. 
 
3.2.1 (a) Silicon Substrate Cleaning Process 
c-Si substrates were initially rinsed in deionized (DI) water to remove the 
contamination during the cutting process. The substrates were immersed in 
H2O:H2O2:HCl solution with ratio of 6:1:1 for 10 minute. They were then rinsed in DI 
water. The process was continued by immersing the substrates in H2O:H2O2:NH4OH 
with ratio of 5:1:1 and rinsing them with DI water once again. The same process of 
immersing and rinsing were repeated by using H2O:HF with ratio of 10:1. These acids 
were used to dissolve and convert oxides and grease on the surface of the substrate into 
water soluble compound. After the final rinsing process, the substrates were dried in a 
stream of nitrogen gas. Since c-Si substrates are easily oxidized, they need to be used 
right after the cleaning process.  
 
3.2.1 (b) Quartz and Glass Substrate Cleaning Process 
The substrates were immersed in a beaker containing a detergent solution of 
Decon ® Neutracon soap mixed with DI water. The beaker were then immersed into an 
ultrasonic bath and agitated for 15 minutes. Ultrasonic was used to create abrupt 
vibration on the surface of the substrate by shock wave stirring action in the cleaning 
solvent. The strong vibrations dissolve and carry away the impurities from the surface 
of the substrates. This technique can also remove gross dirt from the cutting process and 
residual oil. The substrates were then rinsed with DI water to remove remaining soap 
water. Later, they were rinsed in acetone and ethanol to remove any residual 
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contaminant. Finally, the substrates were rinsed in the DI water. A flow of nitrogen was 
used to dry the substrates.  
 
3.2.2 Amorphous Silicon (a-Si) Target Cleaning Procedure 
 The amorphous Silicon (a-Si) target was cleaned by ultrasonification in DI 
water to remove dirt on the surface. The target was not treated as c-Si substrates 
because the chemical reagents used may damage or causes it to be brittle. Finally, a 
flow of nitrogen was used to dry the target. 
 
3.3 Operation of the Deposition System 
Successful and save deposition depend on proper operation of the r.f. PECVD 
system. Pre and post-deposition operations are just as crucial as the deposition process 
itself. Pre-deposition is related to the chamber cleaning and pumping process. The 
pumping process ensures that the system is well sealed to avoid leakage and to make 
sure that the chamber pressure and other parameters are stable during the deposition 
process. Post deposition process involves the removal of excess gases involved in the 
deposition process.  
 
3.3.1 Pre-deposition Procedure 
The substrates and reaction chamber were clean thoroughly prior to substrate 
loading and system pumping. To remove dirt and coatings from previous deposition 
process, wet sand paper was used to scour stains on the inner wall of the stainless steel 
chamber. The chamber was then wiped with acetone to remove excess contaminants 
and oil. Once cleaned, substrates were loaded onto the holder. These substrates were 
held in place using a stainless steel mask. Schematic diagram of the stainless steel mask 
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is shown in Figure 3.5. A step profile could be formed for the measurement of film 
thickness, as the mask does not expose the whole substrate. 
 
 
Figure 3.5: Top view of stainless steel mask. 
 
 
The pumping process was carried out using the roughing and high vacuum 
pumps as explained in Section 3.3.1. The pumping process was initiated to evacuate the 
system down to 10
-3
 mbar. After this pressure was obtained, the valve connected to the 
gas line was opened to evacuate the channel along the gas lines. This detects any 
leakage along the gas lines. During this time the diffusion pump was warmed up for 30 
minutes. To attain high vacuum, the valve connected to the rotary pump was closed and 
the high vacuum valve was slowly opened. The system was pumped down to a base 
pressure of 10
-5
 mbar. A typical roughing pressure of ~ 5  10-3 mbar by rotary pump 
and base pressure of ~ 5  10-5 Pa were routinely achieved.  
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Once the base pressure had been reached and the system had been pumped down 
for sufficient time, high vacuum valve was closed and the rotary pumps valve was fully 
opened again. The substrates were then heated up to the required temperature of 100°C.  
 
3.3.2 Deposition Procedure 
Once the system had been pumped down and the substrate temperature had 
been reached, the precursor gases were allowed to flow into the chamber. In this work, 
CH4, H2 and Ar were used. The flow rates were controlled using MFC. The gases were 
allowed to flow into the chamber for at least 5 minutes in order to ensure that the flow 
rates were stable. The chamber pressure was controlled by adjusting the rotary pump 
valve.  
 
Prior to the actual deposition, the substrates or a-Si target was pre-treated using 
H or Ar plasma, respectively. The pre-treatment parameters are provided in Section 
3.4.1 and 3.4.2. The second process was the films deposition process. The r.f. PECVD 
and hybrid r.f. PECVD/sputtering system were used to deposit the a-C:H and a-SiC thin 
films, respectively. The following sections describe the conditions and parameters used 
to deposit different sets of films in this work. 
 
3.3.2 (a) Deposition Parameters for Hydrogenated Amorphous Carbon Films Deposited 
by Radio Frequency Plasma Enhanced Chemical Vapour Deposition System  
 
The a-C:H films were deposited using the r.f. PECVD system from the 
discharge of pure CH4 and H2 on quartz and c-Si (111) substrates. Prior to the 
deposition process H2 gas was introduced into the chamber at flow rate of 50 sccm and 
H2 plasma was ignited at r.f. power of 50 W for a treatment time of 10 minutes to 
remove impurities on the substrate surface. Details of the parameters used are listed in 
Table 3.1.  
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Table 3.1: Parameters applied during Hydrogen treatment process. 
Gas sources H2 
Flow rate (sccm) 20 
Deposition time (min) 10 
r.f. power (W) 40 
Treatment pressure (Pa) 80 
 
 
Five sets of films were deposited by increasing the CH4 and H2 gas flow rates 
while keeping the flow rate ratio fixed at 1:5. The deposition pressure increased 
accordingly with the increase in the gas flow rates as tabulated in Table 3.2. Other 
deposition parameters including substrate temperature, r.f. power, electrode distance 
and deposition time were kept constant at 100 °C, 60 W, 4 cm and 90 min, respectively. 
Details of the a-C:H deposition parameters are summarized in Table 3.3. 
 
Table 3.2: Total gas pressure, PT relative to CH4:H2 flow rate ratio. 
CH4:H2 flow rate ratio (sccm) Total gas pressure, PT (Pa) 
5:25 
20:100 
25:125 
30:150 
32 
10:50 72 
20:100 88 
25:125 100 
30:150 150 
 
 
Table 3.3: Deposition parameters used to deposit a-C:H thin films. 
Gas sources CH
4
 Ar 
Flow rate ratio (sccm) 1 5 
Deposition time (min) 90 
r.f. power (W)  0 
Substrate Si, Quartz  
Deposition temperature (°C) 100 
Distance between top and 
bottom electrode (cm) 
4 
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3.3.2 (b) Deposition Parameters for Hydrogenated Amorphous Silicon Carbon Films 
Deposited by Hybrid Radio Frequency Plasma Enhanced Chemical Vapour 
Deposition/Sputtering System 
 
Prior to the deposition, the a-Si target was treated in 150 sccm of Ar plasma for 
one hour to remove any surface contaminants. Detail of the parameters used is 
summarized in Table 3.4. 
 
Table 3.4: Parameters applied for Argon treatment. 
Gas sources Ar 
Flow rate (sccm) 150 
Deposition time (min)  0 
r.f. power (W) 50 
Treatment pressure (Pa) 40 
 
 
Two different conditions were carried out in order to study a-SiC thin films by 
using the hybrid r.f. PECVD/sputtering deposition system. The conditions are as stated 
below: 
(i) Sputtering of a-Si target coated with a-C:H and silicon oxide (SiOx) layers 
by pure Ar. 
This was done to study the effect of Ar flow rates on the sputtering of a-Si 
target coated with a-C:H and SiOx layers. Four sets of a-Si-C thin films were 
deposited on c-Si substrate at fixed r.f. power of 100 W. The effect of Ar flow rates 
was studied by applying different Ar flow rates of 5.7, 7.5, 15 and 30 sccm. The 
deposition pressure increased correspondingly to the variation in the flow rates as 
shown in Table 3.5 while the details of the deposition parameters are shown in 
Table 3.6. 
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Table 3.5: Deposition pressure relative to Ar flow rate. 
Ar flow rate (sccm) Deposition pressure (Pa) 
5.7 
20:100 
25:125 
30:150 
10 
7.5 10 
15 13 
30 34 
 
 
Table 3.6: Deposition parameters for deposition of a-SiC thin films: Effect of Ar flow rates. 
Gas sources CH
4
 Ar 
Deposition time (min) 180 
r.f. power (W) 100 
Substrate Si 
Deposition temperature (°C) 100 
Distance between top and 
bottom electrode (cm) 
4 
 
 
(ii) Sputtering of a-Si target coated with of a-C:H and SiOx layers by a mixture 
of CH4 and Ar gases. 
Effect of r.f. power on the properties of a-SiC thin films was then studied 
with the flow rates of CH4 to Ar gases were fixed at ratio of 1 to 7.5 sccm. The 
choice of the flow rates were subjected to the range of the MFCs used. The 
minimum limit for CH4 MFC only allowed the ratio setting of the said values. Five 
sets of a-SiC films were deposited for this study. Detail information on a-SiC 
deposition parameters in this study are summarized in Table 3.7.  
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Table 3.7: Deposition parameters for deposition of a-SiC thin films: Effect of r.f. power. 
Gas sources CH
4
 Ar 
Flow rate ratio (sccm) 1 7.5 
Deposition time (min) 180 
r.f. power (W)  0, 80, 100, 120, 150 
Substrate Si, Quartz 
Deposition temperature (°C) 100 
Distance between top and  
bottom electrode (cm) 
4 
Deposition pressure (Pa) 1 
 
 
It should be noted that the sputtering was carried out on the target coated with 
a-C:H and SiOx layers. This a-C:H layer was the residual coating obtained from the CH4 
plasma discharge of earlier deposition while SiOx layer was formed from oxidation 
passivation of a-Si target. Taking advantage of the residual film on the target, this 
coating was not removed but used instead to enhance the incorporation of C in the 
formation of the Si and C deposition.  
 
3.3.3 Post-deposition Procedure 
Once the deposition was completed, the r.f power and the gas flow were turned 
off. The valve of the rotary pump was then fully opened to evacuate the chamber of the 
reaction gases. The chamber was pumped continuously while allowing the system and 
the films in particular, to cool down to room temperature. 
 
3.4 Characterization Techniques 
In this work, the films were characterized to obtain the growth rate, structural, 
surface morphology, chemical bonding, chemical compositions, optical properties, and 
PL emission properties. The growth rate was determined from thickness measurement 
by means of surface profilometer. The structural properties were studied by Raman 
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spectroscopy. Fourier transform infrared (FTIR) spectroscopy and Auger electron 
spectroscopy were employed to determine the chemical bonding and elemental 
compositions, respectively (Frach et al., 2010). The optical properties were investigated 
by using Ultra-violet-near infrared (UV-Vis-NIR) spectroscopy and PL spectroscopy 
was used to study PL of the deposited films. Detail descriptions of all the 
characterization techniques involved will be explained in the following sections. 
 
3.4.1 Surface Profilometer 
Surface profilometer was used to measure the film thickness along step heights 
created from the edge of the film. The variation of thickness allowed the growth rates of 
the films to be studied in terms of the different deposition parameters. A mechanical 
surface profilometer (KKA Tencor P-6) used in this study equipped with special tips of 
2 µm diamond stylus was used as shown in Figure 3.6.  
 
 
Figure 3.6: Mechanical surface profilometer (KKA Tencor P-6) and its stylus tip. 
 
Sample step 
Stylus tip 
Trace 
H 
H 
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The stylus was in contact with the films and can be scanned up to 150 mm 
vertically and laterally. The thickness was measured as the displacement of the stylus 
across the step heights and allowed direct measurement. Figure 3.7 shows a typical 
topological graph obtained from this surface profilometer. 
 
 
Figure 3.7: The step edge of a deposited thin film displayed by profilometer, representing 
the thickness of the films. 
 
 
3.4.2 Fourier Transform Infrared Spectroscopy 
FTIR spectra were recorded using Perkin Elmer 2000 system in transmission 
mode within the range of 400 to 4000 cm
-1
. The spectral resolution used was 8 cm
-1
. 
Figure 3.8 shows the Perkin Elmer 2000 system used in this work.  
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Figure 3.8: FTIR spectrometer (Perkin Elmer 2000 system). 
 
 
When the films were scanned over a wide wavenumber range, the 
corresponding spectra obtained allowed different bonding in the films to be identified. 
The transmission spectra can be converted to absorption coefficient (α) and normalized 
by the film thickness according to the equation below 
 
Absorption coefficient       
ln (
100
T
)
d
     …........................  (Equation 3.1) 
 
where T is the transmission of the films detected in percentage and d is the thickness of 
the measured films in nm. 
 
Figure 3.9 shows a typical FTIR absorption spectra for a-C:H and a-Si-C thin 
films and the assigned peaks. The wavenumbers and their corresponding assignments 
are listed in Table 3.8. 
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Figure 3.9: Typical FTIR spectra obtained from a-C:H and a-SiC thin films. 
 
 
Table 3.8: Chemical bonding at specific range of wavenumbers (Deng et al. 2011; Higa et al. 
2006; Liu et al. 1997; Yoon et al. 2000).  
Wavenumber (cm
-1
) Assignments 
 a-C:H 
2870/2875 sp
3
-CH3(symmetrical) 
2850/2920/2930 sp
3
-CH2 (asymmetrical) 
2960 sp
2
-CH3(asymmetrical) 
3000/3050 sp
2
-CH 
 a-SiC 
800 Si-C stretching 
840 Si-O-Si stretching 
1020 Si-CHn rocking 
1050 Si-O stretching 
1230 Si-C bending 
 
 
Another important parameter which can be calculated from the FTIR spectra is 
the relative hydrogen content, CH. CH was determined from the C-H bonds 
concentration estimated from the integrated intensity at about 2900 cm
-1
 by using the 
relation 
 
  
 



d
N
A
n
C
H       …........................  (Equation 3.2) 
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where 
 



d  is the integrated intensity of the C-H absorption band at 
approximately 2900 cm
-1
.  A is the proportionality constant for C-H mode and NC is the 
atomic density of carbon atoms in diamond. In this work, the value of A and Nc is taken 
as 1.35x10
21 
cm
-2
 (Huang et al., 2002; Liu et al., 1997) and 1.76x10
23 
cm
-3
, respectively.  
 
The integrated intensity of C-H absorption band was obtained from the fitted 
area under the curve of the band, performed using OriginPro 8.1 program. This and 
other corresponding fitting is necessary since the raw data involved a number of 
overlapping peaks and may even be dominated by a certain amount of PL background. 
This technique uses a standard Gaussian fitting which allows elimination of PL 
background and individual peaks to be obtained and analyzed. From this the intensity, 
height, FWHM and area of the individual peak can be obtained. Example of a fitted 
FTIR peak is shown in Figure 3.10. 
 
 
Figure 3.10: Final information gained from curve fitting by OriginPro 8.1. 
. 
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3.4.3 Ultra Violet-Near Infrared Spectroscopy 
Optical measurements were carried out using a Jasco V-570 Uv-Vis-NIR 
spectrometer. The spectrometer is shown in Figure 3.11. The measurement was carried 
out in transmission and reflectance modes within a scanning range of 250 nm to 2500 
nm wavelength. From these measurements, the energy gap of the films was calculated. 
  
 
 
Figure 3.11: Jasco V-570 Uv-Vis-NIR spectrometer. 
 
 
Figure 3.12 is a representation of the propagation of light through a thin film 
sample. When a beam of light with wavelength, λ is incident onto a transparent film, its 
initial intensity, Iο reduces to IT due to light reflectance, IR and absorption IA. This is 
described by Equation 3.3. 
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Figure 3.12: Reflectance, transmittance and absorption of light by the deposited thin films. 
 
 
 
                  …........................  (Equation 3.3) 
 
The absorption coefficient, α was determined from both the transmittance and 
reflectance spectra. According to Lambert-Beer’s law, this is given by Equation 3.4 
 
                          
 
 
  (
        
    
)     ...............  (Equation 3.4) 
 
where T, R and d are the transmission and reflectance in percentage, and thickness of 
the sample, respectively.  
 
Optical energy gap, ETauc of a-C:H films were obtained from the corresponding 
Tauc’s plot which could be determined from the Tauc’s relation as prescribed in 
Equation 3.5 
 
    
 
   
 
                …........................  (Equation 3.5) 
Iο 
d 
Substrate 
IR 
Thin films 
IT IA 
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where α, E and  B is the absorption coefficient, photon energy and Tauc coefficient, 
respectively. 
 
From these calculations, a graph of     
 
  against E was plotted. The value of 
ETauc was determined from the intersection of the extrapolated linear region onto the 
energy axis. On the other hand, the value of Eg can be obtained from the graph of 
absorption coefficient, α versus energy, E. Eg is the band gap which corresponds to an 
absorption coefficient, α at 104 cm-1. Examples of these extrapolations are shown in 
Figure 3.13. 
 
  
Figure 3.13: Extrapolation of αE1/2 versus E to obtained ETauc and optical absorption edge of Eg. 
 
 
3.4.4 Raman Spectroscopy 
Raman scattering spectra were obtained by using Renishaw inVia Raman 
spectrophotometer coupled with Leica DMLM microscope as shown in Figure 3.14. 
The spectra were obtained for samples deposited on c-Si substrate within the range of 
100 to 1800 cm
-1
 by using Ar
+
 laser source with excitation wavelength of 325 nm. 
Stronger Raman signal can be obtained by using this wavelength rather than the 
conventional 514.5 nm helium (He) cadmium laser source since the intensity of Raman 
scatter is proportional to 1/λ4. The interaction between the monochromatic light from 
 
ETauc Eg 
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the laser source and the molecule of the films will cause the molecule to vibrate, rotate 
and form other low frequency transitions. Raman spectroscopy though fairly recent, 
emerged as an important analytical tool due to its sensitivity, richness in information 
and non-destructive behavior. Raman is sensitive to symmetric bonds and backbone 
structures.  
 
 
Figure 3.14: Raman and Photoluminescence spectroscopy. 
 
 
The Raman effects is a process whereby a sample that has been irradiated by a 
laser source scattered most of the radiation at a wavelength that is shifted from the 
original laser wavelength. The changes in the energies of the excited and emitted 
photons are identified as a Raman shift. It occurs only as a small portion or the total 
excited energy compared to other processes such as Rayleigh scattering that may 
scattered at the same wavelength as the laser source. Both processes can be summarized 
in Figure 3.15.  
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Figure 3.15: Energy level diagram of Rayleigh scattering and Stokes-Raman shift. 
 
 
Numerous information related to structure and chemical identity of the 
molecules can be obtained from the position and intensity of the peaks in the spectra. A 
very strong Raman shift can be detected for stretching vibration of C double and triple 
bonds, and aromatic group with symmetric vibration such as benzene ring. Phase 
transition from amorphous to crystalline structure can also be detected based on the 
emitted spectra. Table 3.9 records the different phases of Si and C structure and its 
corresponding Raman shift. Due to the overlapping of some of these peaks, it is 
necessary to deconvolute the Raman spectra. This was done in a similar way to that of 
FTIR Gaussian fitting. 
 
 
 
 
 
 
Virtual states 
Vibrational 
levels 
Rayleigh 
scattering 1 1 
Electronic 
excited state 
Stokes-
Raman shift 2 2 
Electronic 
excited state 
Vibrational 
levels 
Electronic 
level 
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Table 3.9: Assignments of Raman shift of a-C:H a-SiC films taken from (Shi et al.1999; Swain 
and Dusane 2007; Wang et al. 2002). 
Wavenumber (cm
-1
) Assignments 
 Carbon Network 
1390 D band (disordered clusters for sp
2
 coordinated C) 
1440 C network attached with Si  
1490 
Semicircle ring stretch vibration of benzene or condensed 
benzene rings 
1600 G band (graphite-like) structure 
 Silicon Network 
150 Transverse acoustic (TA) of the amorphous silicon mode 
300 Longitudinal optical (LO) of the amorphous silicon mode 
380 Transverse optical (TO) of the amorphous silicon mode 
480  TO branch from the contribution of the amorphous silicon 
520  TO branch from the contribution of the crystal silicon substrates  
970  2
nd
 order Raman band 
650 to 1000 Si-C bond 
 
 
 
 
3.4.5 Photoluminescence Spectroscopy  
PL spectra were obtained by using Renishaw inVia PL spectrophotometer 
coupled with Leica DMLM microscope. The instrument used is the same as that used 
for Raman measurement. Ar
+
 laser was used as the excitation source operating at a 
wavelength of 325 nm. The PL emission of the samples deposited on c-Si substrate was 
scanned within the range of 100 to 1000 cm
-1
. 
 
Brief PL mechanism can be described as follows: When photon is incident on a 
material, their electrons absorbs a certain amount of energy and are excited to higher 
energy states. This process is called photon excitation. However, they eventually lost 
their energy and decay to lower energy state to overcome their non-equilibrium state. 
This process is called PL as the luminescence (light) emitted is contributed by photon.  
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3.4.6 Auger Electron Spectroscopy 
The chemical composition and depth profile of the films was determined by 
Auger Electron Spectroscopy (Frach et al., 2010) equipped with ion etching. JAMP-
9500F Field Emission Auger Microprobe as shown in Figure 3.16 was used for this 
purpose.  
 
 
Figure 3.16: JAMP-9500F Field Emission Auger Microprobe. 
 
 
AES is an extensively used chemical composition analytical technique. It is 
most sensitive to low atomic number elements except H or He. This measurement is 
based on the Auger process which is initiated by ejection of an electron from an inner 
shell which creates a core hole. This is normally done by bombarding the films with 
high energy electron within the range of 3 to 20 keV. Resulting ejected electron has 
sufficient energy to form photoelectron and a hole in the core shell. The ionized atom 
then relaxes and releases some amount of energy. The energy released from this process 
resulted in two phenomena which are typically known as X-Rays and Auger Electron. 
The electron which relaxes and falls to the ground state to fill the vacancy at the core 
shell in the order of descending binding energy is called Auger electron. These 
processes are illustrated in Figure 3.17.  
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Figure 3.17: Energy level diagram of Auger process. 
 
 
 
Additionally, measurement of depth profile was also carried out in this 
research work. This process was accomplished by periodically sputtering the material 
during intervals of composition measurements. Ar
+
 ion beam was used as a sputtering 
source. The etching rate used was 0.247 nm/sec. The depth profiling was carried out 
until the substrate had been reached. The mechanism is illustrated in Figure 3.18. 
 
 
 
Figure 3.18: Depth profile mechanism of AES. 
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CHAPTER 4   
 
RESULTS AND DISCUSSION 
 
4.0 Chapter Outline 
This chapter focuses on the deposition and characteristics of the three sets of 
films prepared. The first set was prepared by the home-built radio frequency plasma 
enhanced chemical vapour deposition (r.f. PECVD), where the effect of total gas 
pressure, PT on the properties of the hydrogenated amorphous carbon (a-C:H) films 
deposited were studied. The second set was to study the effect of argon (Ar) flow rate 
on the properties of films deposited by r.f. sputtering of amorphous silicon (a-Si) target. 
The last set of film was deposited using the hybrid r.f. PECVD/sputtering system. For 
these set, the a-Si target was sputtered by Ar ions in CH4 gas discharge atmosphere. The 
effects of r.f. power on the structural and photoluminescence (PL) properties of the 
films were investigated.  
 
It is noted that the a-Si target already has a layer of a-C:H formed by methane 
(CH4) discharge during earlier depositions; and SiOx layer that was formed when 
dangling bonds at the surface were passivated by oxygen atoms when exposed to the 
atmosphere. 
 
4.1 Hydrogenated Amorphous Carbon Films Prepared by Plasma Enhanced 
Chemical Vapour Deposition  
In this section, the structural and optical properties of a-C:H thin films 
prepared by r.f. PECVD were investigated. CH4 gas was used as the precursor gas and 
hydrogen (H2) gas was added to act as a diluent gas. These gases were introduced 
continuously into the reactor chamber at a fixed flow rate. 
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The motivation of this part of the work is to investigate how the PT of 
precursor gas, CH4 and diluent gas, H2 influence the growth rate, structure and PL 
properties of the a-C:H films. The a-C:H films were deposited at various PT by 
changing the flow rates of CH4 and H2 while maintaining the CH4 to H2 flow rate ratio 
at 1:5. The deposition pressure in this work is the PT in the reaction chamber with the 
pumping speed maintained at a constant rate. The PT was registered by a Piranni gauge 
at the highest pumping rate with the valves fully opened. Detailed deposition 
parameters for this set of films are tabulated in Tables. 3.1 to 3.7. 
 
4.1.1 Growth Rate of Hydrogenated Amorphous Carbon Thin Films 
Figure 4.1 shows to the growth rate of the films as a function of PT. The growth 
rate was calculated by dividing the film thickness with the deposition time. The film 
growth rate can be divided into three variation of growth with respect to PT.  
 
 
Figure 4.1: Growth rate of a-C:H films deposited on c-Si and quartz substrate at different total 
gas pressure, PT. 
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The first phase of film growth at PT of 32 and 72 Pa show no dependence on 
the PT for films on crystal silicon (c-Si) substrate while for the film grown on quartz 
substrate, a slight decrease was observed when PT was increased to 72 Pa. In the second 
phase of film growth within the PT range of 88 and 100 Pa, a drastic change in growth 
rate with increase in PT was observed. The films grown on c-Si generally showed higher 
increase in growth rate compared to the films grown on quartz substrates. In the third 
phase, the growth rate of the film on c-Si continues to increase with increase in PT to 
150 Pa but at a significantly slower rate. In contrast, within the same phase the film 
grown on quartz showed a slight decrease in growth rate with increase in PT.  
 
The main contributing factor in the low deposition rate was the low 
concentration of gases which limits the amount of available species for reactions and 
the film growth to occur. Low residence time for the radicals in the plasma due to the 
low concentration of CH4 and H2 gases lowers the probability for secondary gas phase 
reactions to occur between the radicals and excess molecules. This allows only primary 
gas phase reaction to occur and resulted in lower number of growth radicals and H 
atoms reaching the substrates and subsequently lowering the growth rates. The energetic 
hydrocarbon, CH
+
 ion bombardments on the growth surface also do not encourage the 
growth rate. 
 
Secondary gas phase reaction is a reaction whereby the radicals, mainly CH3 
and H, atoms produced from dissociation and ionization of CH4 and H2 during the 
primary gas phase reaction starts to interact and collide with excess molecules or with 
other radicals (Awang et al., 2006).  
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The reaction follows the sequences as listed below (Mutsukura et al., 1992; 
Rhallabi et al., 1991; Tachibana et al., 1984) 
 
CH4   e → CH3 + H + e 
CH4   e → CH2 + H2 + e 
CH4   e → CH   H2 + H + e  
H2   e → H   H   e 
CH4   e → CH3
+
 + H + 2e 
CH4   e → CH4
+
 + 2e 
CH4   e → CH3
+
 + 2e 
H   e → H+ + 2e   
 
Increase in growth rate of a-C:H films grown by r.f. PECVD is typically 
contributed by increase in the number of hydrocarbon radicals especially methyl (CH3) 
growth radicals and hydrogen (H) atoms reaching the growth sites (von Keudell et al., 
2002). The second phase of the film growth with respect to PT could be the result of 
increased collision frequency of radicals produced through dissociation of gas 
molecules with excess gas molecules since the gas concentration was higher and there 
were more precursors available for reaction to occur. The flow rate ratios of CH4:H2 of 
20:100 and 25:125 sccm produced the PT of 88 and 100 Pa respectively. The increase in 
collision frequency resulted in the increase in the number of CH3 growth radicals and H 
atoms reaching the substrates. This led to the enhancement in growth rate for this phase.  
 
The faster increase in growth rate with PT for the films on c-Si compared to the 
films deposited on quartz substrate was due to the presence of Si dangling bonds on the 
c-Si substrates which acted as growth sites for a-C:H growth. The absence of initial 
nucleation sites on quartz substrates may cause the slower increase in growth rates for 
……… (Equation 4.1) 
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the films grown on this substrate. At the same time, H2 helps in forming the 
chemisorption sites for the film growth and this process is better on Si than on quartz 
substrate since the former possess high concentration of H terminated bonds (von 
Keudell et al., 2002). The H atoms through H etching effects also create nucleation sites 
for diffusion of CH3 radicals to increase the film growth rate. 
 
Apart from the increase in the number of radicals suited for the growth at high 
flow rates, the increased presence of H radicals makes H etching effects on the film 
surface become significant. Excessive H atoms at the growth sites resulted in strong 
etching for C-C sp
2
 bonds and eventually decrease the growth rate (Deng et al., 2011; 
Silinskas et al., 2008). This substantially decelerated the growth rate of the film. The 
increase in H etching effect is believed to be due to the presence of higher H collision 
frequency rather than higher impingement energy of H atoms on the film surface. 
Although the H etching effect is similar on films deposited on both c-Si and quartz 
substrate, it seems to be more significant for latter. This suggests that the films 
deposited on c-Si substrate have higher structural order, with lower concentration of 
weak C-H bonds. 
 
4.1.2 Structural Properties of Hydrogenated Amorphous Carbon Thin Films 
Structure characteristics of a-C:H films was determined by non-destructive 
Raman spectroscopy (Deng et al., 2011; Goswami et al., 2008; Guangwei Guo et al., 
2011; Marchon, 1997; Park et al., 2004). Raman scattering spectra of a-C:H films 
deposited at different PT are shown in Figure 4.2.  
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Figure 4.2: Raman spectra of a-C:H films deposited at different total gas pressure, PT. Dashed 
line shows slanting background of Raman spectra which indicate the 
photoluminescence (PL) of films, where m is the slope of PL. 
 
 
The Raman spectra of these a-C:H films showed the typical broad asymmetric 
peak in the range of 1200-1700 cm
-1
. This broad asymmetric peak was contributed by 
the presence of a mixed phase of sp
2
 and sp
3 
C-C bonds in the film. The feature of the 
Raman spectra in Figure 4.2 is typical for amorphous carbon (a-C) films whereby in the 
structure, sp
2
 bonded carbon clusters are embedded in sp
3
 amorphous matrix (Pandey et 
al., 2007).  
 
IR absorption studies focused on the region at approximately 2900 cm
-1 
corresponding to the vibration modes of various sp
2
 and sp
3
 C-H bonds. The relative 
hydrogen content, CH determined from the C-H bonds concentration was estimated 
from the integrated intensity at about 2900 cm
-1
 as was described in Chapter 3. The 
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plots of the absorption bands of a-C:H prepared in this region as a function of PT are 
presented in Figure 4.3.  
 
 
Figure 4.3: FTIR absorption spectra of C-Hn vibrational bands of a-C:H films deposited at 
different total gas pressure, PT. 
 
 
Qualitative estimation on the amount of H bonded sp
2
 and sp
3
 was carried out 
by deconvolution of individual peak that was interpolated within the asymmetric CHx 
absorption band. Among them, the peak at 2920 cm
-1
 is the most intense peak followed 
by the peak at 2870 and 2960 cm
-1
 which corresponds to the sp
3
 hybridized carbon sites 
of sp
3
-CH2, asymmetric sp
3
-CH3 and symmetric sp
3
-CH3  respectively (Deng et al., 
2011). sp
2
-CH absorption peak can only be clearly seen for films deposited at higher PT. 
Figure 4.3 also alluded that the sp
3
-CH were more dominant than sp
2
-CH. This implied 
that the H atoms showed higher preference to bond with sp
3
-C compared to sp
2
-C bond 
sites (Deng et al., 2011) in the film structure. Quantitative analysis on the CH calculated 
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from the background slope of the Raman band in Figure 4.2 and the FTIR absorption 
band assigned to the sp
2
-CH and sp
3
-CH bonding modes in Figure 4.3 were also carried 
out and illustrated in Figure 4.4. 
 
 
Figure 4.4: Hydrogen content, CH of films deposited at different total gas pressure, PT. 
 
 
The CH was estimated by analyzing the PL background of Raman spectra as 
identified by the dotted line depicted in Figure 4.2. CH was obtained from the ratio 
between the slope (m) of the fitted linear background and the height of the G band (HG) 
measured in micron, m/HG (Casiraghi, Ferrari, et al., 2005; Casiraghi, Piazza, et al., 
2005; Xie et al., 2010) as given in Equation 4.2. 
 
   (at )   21.7   1 .  log  
 
  
  m }    …........................  (Equation 4.2) 
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The values of calculated CH from FTIR and Raman spectra are shown in  
Figure 4.4. From the calculations, generally CH increased with increase in PT. The CH 
obtained are within the ranged of 3 to 31 %. In the first growth phase region, where PT 
is 32 and 72 Pa, the CH showed reversed trend when calculated using these two 
techniques. This may be due to the fact that the CH calculated from the Raman spectra 
include all the H atoms present in the film regardless of the atoms they were bonded to 
whereas the CH calculated from IR spectra only include the H atoms bonded to C atoms 
only. This explained the higher CH for film prepared at highest PT. Furthermore, C. 
Casiraghi et al. (2005) emphasize that Equation 4.2 is not valid for films with CH less 
than 20 %. In the next two growth regions, both techniques showed similar trends with 
regards to the CH of the films, though the CH bonded to C atoms was higher for the 
films deposited at the second growth phase region of PT of 72 to 100 Pa. In this region 
the CH increased significantly with increase in PT. When the PT was increased to 150 Pa, 
both films showed a noticeable decrease in CH. These results showed that CH calculated 
from Raman and FTIR were comparable.   
 
The smaller number of H atoms reaching the substrate and more energetic CH
+
 
ion bombardments (Xie et al., 2010) as was earlier discussed for the case of the low 
deposition rates might contribute to the low CH measured from FTIR spectroscopy. 
Small amount of gases introduced into the chamber also resulted in the presence of low 
concentration of ions and radicals, therefore resulting in the stronger bombardment 
effect. This also contributed to the decrease in formation of C-H bonds in the films.  
 
CH for films grown at 88 to 100 Pa was increased since larger number of ions 
and hydrocarbon radicals were produced with higher concentration of reactant gases. 
Methane, CH4 mainly produced three types of neutral particles, namely CH, CH2 and 
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CH3 (Yoon et al., 2000). The density of radicals and ions colliding with each other 
increases with the operating pressure of the vacuum chamber. Furthermore the chamber 
was fed with more diluent gas, H at these operating pressures. H atoms can form 
dangling bonds which act as nucleation sites that favour film growth and enhance CH. H 
species can either decrease or increase the H content in the films (Guo et al., 2011). 
This is due to the competition between recombination of H species with dangling bonds 
resulting in the increase in CH, and breaking of C-H bonds by H atoms to form H2 
molecules followed by desorption causing CH to decrease. The more dominant process 
is determined by the amount of H species present in the plasma (Guo et al., 2011; Viana 
et al., 2010; Yang et al., 2009). Apparently, in the case shown in Figure 4.4, the 
diffusion of H atoms onto the dangling bonds is the more dominant process thus 
suggesting that the presence of H atoms in the plasma for these films was high and the 
C-H bonds formed are strong enough which results in the breaking of C-H bonds less 
dominant.  
 
At higher pressure of 100 to 150 Pa, synergisms between the CH3 and H atoms 
seem to slightly increase the growth rates of the films as shown in Figure 4.1. Less H 
atoms were incorporated into the film structure at 150 Pa resulting in the reduction of 
CH in the film. The slow increase in growth rate and the lower CH in this film showed 
that H etching effects is more dominant at this PT since the number of H atoms reaching 
the substrates was significantly larger. 
 
4.1.3 Optical Energy Gap of Hydrogenated Amorphous Carbon Thin Films  
The optical transmission and reflection spectra of the a-C:H films deposited at 
different PT were measured using ultraviolet-visible-near infrared (UV-Vis-NIR) 
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spectrophotometer in the wavelength range between 190 to 2500 nm as shown in Figure 
4.5(a) and 4.5(b), respectively. 
.  
 
 
 
 
Figure 4.5: Transmission (a) and reflection (b) spectra of a-C:H thin films. 
 
 
(a) 
(b) 
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The optical energy gaps (Dieguez Campo et al., 1998) of the films were 
obtained from these spectra at photon energy when the absorption coefficient, α is equal 
to 10
4
 cm
-1
. This energy represents the minimum amount of energy for electron 
transition from maximum of extended state in the valence band to the minimum of 
extended state of conduction band.  
 
The variation of Eg with respect to PT in Figure 4.6 was studied. The 
relationship between the structural properties and growth rate of the films to the Eg were 
analyzed. The Eg increases to a highest value of 2.12 eV at 100 Pa and decreases 
slightly with further increase in PT. Together with the plot showing the variation of CH 
with PT in Figure 4.4 which showed similar trend with PT, Eg could be said to be almost 
directly dependent on CH. The growth rate of the films deposited on quartz substrate 
shown in Figure 4.1 also showed similar trend suggesting that Eg values of the films 
grown on this substrate were also almost directly dependent on the growth rate.  
 
 
Figure 4.6: Energy gap, Eg variation of a-C:H films deposited at different total gas pressure, PT. 
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In this section, the results showed that the increase in PT markedly influence 
the Eg values of the films. This parameter also influences the CH in the a-C:H films. The 
higher optical energy gap of the films deposited at higher PT was shown to be due to the 
higher number of bonded CH in the films. H atoms passivate the unsaturated bonds in 
the amorphous structure of a-C:H films, thus decreasing the defect states. This then 
decreases the absorption in the tail state region and consequently increases the Eg value 
(Alves et al., 2001). An increase in bonded CH also saturates the π bonds thus promoting 
the sp
3
 hybridization over sp
2
 (Awang et al., 2006). By altering the sp
2
 fraction in the 
film, the Eg value of the films was increased due to incorporation of H atoms in the film 
structure. H atoms help to promote and stabilize the sp
3
-C configuration in the film 
(Rusli et al., 1995).  
 
4.1.4 Photoluminescence Emission Properties of Hydrogenated Amorphous 
Carbon Films 
 
Figure 4.7 can be useful to elucidate the PL emission for the entire films. 
Significant PL emissions in the a-C:H films studied in this work were observed only 
from the films grown at PT of 88, 100 and 150 Pa. The PL emission intensity was 
obviously enhanced for films deposited at PT of 100 and 150 Pa. Low PL emission at 
2.1 eV was exhibited by films grown at the lowest PT of 32 and 72 Pa. The PL emission 
intensity increased with increasing PT and had shifted towards higher energy of 2.4 eV. 
A broad, low PL emission was observed in the infrared region of energy 1.5 eV from 
the films deposited at 100 and 150 Pa.  
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Figure 4.7: Variation of photoluminescence (PL) spectra of a-C:H films prepared at various 
total gas pressure, PT. 
 
 
From the Figure 4.7 and plots in Figures 4.6 and 4.4, it was observed that the 
PL intensity increases correspondingly with the increase in Eg and CH. The results also 
show that PL emission intensity is highest for the films with the G peak position blue 
shifted above the graphite band limit of 1580 cm
-1
. This shift could therefore be related 
to the significant presence of the sp
2
 clusters in these films. These sp
2
 clusters introduce 
defect states which normally act as non-radiative recombination centers (Marchon et al., 
1997; Robertson, 1996; Xie et al., 2010). However, the high PL emission produced by 
the films is due to passivation of the dangling bonds on these sp
2
-C sites by H atoms 
resulting in these sites transforming to become radiative recombination centers 
producing the PL emission in the films (Rusli et al., 1995). This is confirmed by the 
higher CH in these films as shown in Figure 4.4. The PL emission energy appears to 
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correspond to the Eg of the films suggesting that PL emission in these films was due to 
the band to band transition.  
 
4.1.5 Summary 
This part of the work presents the investigation on the effects of PT on the 
surface morphology, structure and optical properties of a-C:H films deposited by r.f. 
PECVD technique from the discharge of CH4 and H, at fixed CH4 to H flow rate of 1:5. 
The film growth rate has produced three phases of growth with respect to the PT. The 
low residence time of the radicals and molecules in the chamber, and the energetic ion 
bombardments on the growth surface at PT of 32 and 72 Pa produces almost no change 
to the growth rate and Eg. Significant increase in growth rate was observed in the 
second growth phase involving films grown at PT of 88 and 100 Pa. The approach 
towards equilibrium between the film growth and H etching effects by the CH3 radicals 
and H atoms has produced the significant increase in growth rate and CH. The H etching 
effects however become dominant, thus slowing down the growth process resulting in 
the slow decrease in the growth rate of the films on the c-Si and quartz when PT 
increases to 150 Pa. 
 
The obvious transformation of the film structure can be observed in the second 
phase of the film growth (72 to 100 Pa). This may be due to the increase in the flow rate 
of CH4 and H2 gases that was introduced into the chamber which simultaneously 
increases the PT of the deposition process.  
  
Passivation of the dangling bonds in the defect states by H atoms enhanced the 
growth rate, widened Eg, blue shifted the PL emission peak and enhanced the PL 
emission intensity. Thus, the work showed that H terminated sp
2
-C sites acted as the 
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reactive recombination centers for PL emission in the films. The PL produced by these 
films is through band to band transition mechanism. 
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4.2 Effect of Argon Flow Rate on the Properties of Films Produced by r.f. 
Sputtering Process 
The hybrid r.f. PECVD/ sputtering system consists of two main parts that is the 
r.f. PECVD and r.f. sputtering systems. In the previous section, the r.f. PECVD system 
was tested by depositing a-C:H films from the discharge of methane (CH4) and 
hydrogen (H2) at different total gas pressure, PT. Films with controllable structural and 
optical properties were grown by changing the PT. In this section, the r.f. sputtering part 
is tested by growing films sputtered from amorphous silicon (a-Si) target. The a-Si 
target however has a layer of a-C:H and silicon oxide (SiOx) covering the surface. The 
a-C:H layer was formed during earlier deposition when CH4 gas was discharged in the 
plasma while the SiOx layer was formed at the surface due to passivation of Si dangling 
bonds when the target was exposed to the atmosphere after each deposition process. 
 
The Ar flow rate is an important parameter influencing the properties of the 
films deposited by sputtering of the a-Si target. The growth rate, structural and 
photoluminescence (PL) emission properties were studied with respect to the Ar flow 
rate. The deposition pressure increases correspondingly according to the Ar flow rate. 
The r.f. power was fixed at 100 W for all depositions. The other deposition parameters 
of the films studied in this section is tabulated in Table 3.6. The films prepared by this 
deposition technique were predicted to consist of mixed phases of a-C:H, a-SiC, a-Si, 
and SiOx. However, the a-SiC and a-C:H phases were comparatively very small since 
these phases were formed from the sputtering of the layer of a-C:H covering the a-Si 
target formed during earlier depositions.  
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4.2.1 Effect of Argon Flow Rate on Growth Rate of the Deposited Thin Films 
Figure 4.8 depicts the change of the film growth rate deposited at Ar flow rates 
of 5.7, 7.5, 15 and 30 sccm.  
 
 
Figure 4.8: Variation of the growth of deposited films as a function of Argon (Ar) flow rate. 
 
 
The deposition pressure increases correspondingly with increasing Ar flow rate 
as tabulated in Table 3.5. The variation of the growth rate implies that Ar flow rate 
gives direct impact to the growing process of the films due to the significant decrease in 
growth rate with increasing Ar flow rate.  
 
Low Ar flow rates up to 15 sccm resulted in a slow decrease in growth rate. On 
the other hand, an increase in Ar flow rate to 30 sccm resulted in a steep decrease in the 
growth rate. Low concentration of Ar ions in the chamber resulted in more energetic Ar 
ions moving towards the a-Si target due to lower frequency collision with other Ar 
atoms present in the chamber. Correspondingly, an increase in Ar flow rate resulting in 
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decrease of the growth rate of the films due to low energetic Ar ions sputtering the 
target. 
 
4.2.2 Effect of Argon Flow Rate on Structural Properties of the Deposited Thin 
Films 
Elemental compositions within the film structure were determined using Auger 
electron spectroscopy (Frach et al., 2010). This technique is one of the most used 
techniques to investigate the elemental composition and status of the deposited thin 
films (Lei et al., 2000). 
 
Auger depth profiling analysis was carried out to obtain information on the 
distribution of elemental atoms present within the film structure below the surface of 
the films. The relative concentration of the main atoms present in the films studied in 
this work as obtained from the Auger depth profiling is illustrated in Figure 4.9. The 
three main atomic components present in the films are carbon (C), oxygen (O) and 
silicon (Si). The C content is the lowest for all the films followed by Si and O. The 
spectra show that the films have uniform composition distributions within the depth of 
the films except at the surface of the films deposited using Ar flow rates of 5.7, 7.5, and 
10 sccm. In these films, relative C atomic composition showed a sudden increase while 
the relative O atomic composition showed a sudden drop.   
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Figure 4.9: Variation of the growth of deposited films as a function of Argon (Ar) flow rate.
(c) 15.0 sccm (d) 30.0 sccm 
(a) 5.7 sccm (b) 7.5 sccm 
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This shows that all these atoms originated mainly from the a-Si target. The 
surface target consists of O atoms which actively passivated the Si dangling bonds 
when the target was exposed to the atmosphere after the deposition process. The C 
atoms were incorporated into the a-Si target during earlier deposition of films where 
CH4 gas was discharged by r.f. PECVD. The Ar and CH4 gases acted as sputtering ion 
and C based precursor sources, respectively. Therefore, the C atoms were incorporated 
deeper into the target compared to the O atoms.  
 
The more dominant O atoms present in the films showed that the a-Si target 
was covered by a significant layer of SiOx films and the C incorporation was very small 
relatively. During the deposition process, Ar ions also sputtered off atoms at the growth 
surface of the films and removed O and C atoms at a constant rate. However, when the 
r.f. power was turned off, the substrate temperature was not high enough to passivate 
the Si dangling bonds at the surface with O atoms but these Si dangling bonds readily 
bonded with the C atoms present at the growth sites. This explained the increase in 
relative concentration of C atoms at the surface of the films with respect to Si atoms. 
When the flow rate of Ar was increased to 30 sccm, sputtering rate was significantly 
reduced as only a thin layer of film was deposited. For this film, the surface effect 
where the C atom concentration was increased even higher than both Si and O atoms. 
The higher frequency of Ar ions bombardment on the surface created higher 
concentration of Si dangling bonds at the growth sites. Thus, when r.f. power was 
switched off, the C atoms present at the growth sites were quickly incorporated at 
surface of the film. This increased the relative C atoms concentration at the surface of 
this film. 
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To further confirm the surface effects during the deposition, the change of 
relative concentration for the expected elements present at the surface of the films for 
various Ar flow rate is shown in Figure 4.10. It can be seen here that Ar flow rates 
influenced the elemental composition strongly at the surface rather than the inner layer 
of the films. The relative concentration of C at the film surface increased with increase 
in Ar flow rate and reached a maximum for film deposited with Ar flow rate of 30 
sccm.  
 
 
Figure 4.10: Relative concentration at the surface of the films relative to Ar flow rate. 
 
 
The results suggested that the film compositions were independent of the Ar 
flow rate but significantly changed at the surface of the films. The C composition at the 
surface evidently increases with the increase in Ar flow rates as shown in Figure 4.10. 
The increase in relative C composition and relative decrease in elemental composition 
of Si and O showed that C atoms present at the growth sites were easily incorporated 
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into the film structure when r.f. power was turned off to passivate the Si dangling 
bonds. 
 
Raman spectroscopy was employed to study the structural properties of the 
films. The existence of the mixed phases of a-Si and a-C:H phases in the films 
deposited by this process can be shown through analysis of Raman absorption band 
from the presence of Si-Si and C-C network in the films (Shi et al., 1999). The presence 
of the phases were expected based on the fact that the deposition process only involved 
Ar and no other gases which was used as the sputtering gas source during the deposition 
process. As mention earlier, the a-Si target was coated with a-C:H layer through earlier 
deposition process involving discharge of CH4 in the chamber and SiOx layer through 
passivation of Si dangling bonds when target was exposed to the atmosphere. 
Otherwise, only a-Si phase was expected in these films.  
 
Raman absorption spectra were taken within the range of 100 to 2000 cm
-1
 as 
shown in Figure 4.11. Raman spectra exhibit various slopes, m due to the 
photoluminescence (PL) background. The value of the respective slope, m for each film 
is stated in the same figure. Strong PL is related to hydrogen (H) saturation of the non-
radiative recombination centers, as was elaborated in Section 4.1.2. 
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Figure 4.11: The whole range of Raman spectra for a-SiC thin films deposited at various Ar 
flow rate and their corresponding slope, m. 
 
 
The overall Raman spectra were divided into two parts according to the 
bonding configurations of the films as shown in Figure 4.12 and 4.13. Figure 4.12 and 
4.13 capture the Si-Si network regions and C-C networks region in the films, 
respectively. All the films studied exhibit the same spectra producing both the Si-Si and 
C-C network regions indicating that these films have mix phases of both a-Si and a-C:H 
phases.  
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Figure 4.12: Raman spectra in the range of 100 to 850 cm
-1
 which consists of several 
overlapping peaks indicating the existence of Si-Si network in the films. 
 
 
The overlapping band at low wavenumber of 300, 380 and 480 cm
-1
 assigned 
to the main features of Si-Si network that are produced by longitudinal acoustic (LA), 
longitudinal optic (LO) and transverse optic (TO) of a-Si, respectively. The presence of 
these overlapping bands suggested that all of the films were amorphous in structure 
(Swain and Dusane, 2007). The Si-C band should be detected at around 600 to 1000  
cm
-1
. However, the Si-C absorption band was not observed due to the smaller Raman 
efficiency of the Si-C band compared to C-C and Si-Si band (Cheng et al., 2008). 
 
Figure 4.12 also displays the Si-Si network which is produced by the a-SiC 
phase in the films and c-Si substrate. The Raman spectra in this region are quite 
featureless except for the c-Si peak at about 520 cm
-1
 contributed by c-Si substrate 
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(Cheng et al., 2008; Shi et al., 1999; Swain and Dusane, 2006). The first order c-Si peak 
was so dominant such that the other peaks were suppressed.  
 
 
Figure 4.13: Raman spectra in the range of 1000 to 1800 cm
-1
 which consists of D and G peak 
indicating the existence of C-C network in the films. 
 
 
Figure 4.13 shows the Raman spectra in the range of 1000 to 1800 cm
-1
 which 
represent the C-C network in the film structure (Cheng et al., 2008; Chew, 2002; Hu et 
al., 2004; Shi et al., 1999). The presence of this peak in the Raman spectra showed that 
the a-C:H phase in the films was quite significant especially for the film deposited at 7.5 
sccm. This showed that the a-C:H layer on the target can produce a significant presence 
of a-C:H phase in the film structure.  
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Further study on the structural properties of the films was carried out by FTIR 
spectroscopy. The broad FTIR spectroscopy provides information concerning the 
chemical bonding and composition of two major vibration modes of Si-C stretching and 
Si-O stretching within the range of 650 to 1400 cm
-1
 as can be seen in Figure 4.14. 
FTIR absorption spectra are mainly observed at approximately 800 and 1050 cm
-1
. They 
are typically assigned to Si-C stretching and Si-O stretching vibration absorption 
respectively (Dieguez Campo et al., 1998; Li et al., 2011; Sha et al., 2005). Several 
additional peaks expected in this region overlapped with the major peaks. The 
overlapping peaks consist of peaks located at 1020 and 1230 cm
-1
 which correspond to 
Si-CHn rocking (Rusakov et al., 2001) and Si-CHn bending modes, respectively (Mori et 
al., 2006). There were also reports assigning the peak at 840 cm
-1 
to Si-O-Si stretching 
vibration mode (Dohi et al., 2002; Khashan et al.). 
 
 
Figure 4.14: FTIR spectra of silicon carbon films deposited at different Ar flow rate showing 
the absorption band within the spectral range. 
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From Figure 4.14, it was observed that the presence of Si-O peak was most 
dominant in the spectra of all the films. However, this was expected since the AES 
results showed dominant presence of O atoms in the films. As mentioned earlier, the a-
Si target surface was covered by a layer of SiOx as O atoms have actively passivated the 
Si dangling bonds as soon as the target was exposed to the atmosphere. Rajagopalan et 
al. (2003) also showed similar observation regarding the existence of Si-O peak for their 
deposited films. The sputtering process has etched out all of the components on the a-Si 
target including the SiOx layer on the surface of the target and the layer can be quite 
significant as shown by the results. SiC peaks were also observed in the films deposited 
using Ar flow rates of 5.7, 7.5 and 15 sccm when the sputtering rate was high. This 
shows that at low sputtering rate as produced during the deposition with Ar flow rate of 
30 sccm failed to form Si-C phase in the film. 
 
4.2.3 Effect of Argon Flow Rate on Photoluminescence Properties of the 
Deposited Thin Films  
PL emission spectra of silicon carbon films deposited at different Ar flow rate 
are presented in Figure 4.15. He-Cd laser at UV-light wavelength of 325 nm was used 
as an excitation source. PL emission for substrate was scanned as a reference. All of the 
films showed similar features one major peak centered at around 600 nm and a minor 
peak at about 675 nm. From the spectra, the peaks positions remained the same for all 
films. PL emission increases with increasing Ar flow rate up to 7.5 sccm and decreases 
with further increase in Ar flow rate to 15 and 30 sccm. The PL emission intensities 
obviously showed strong dependence on the Ar flow rate.  
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Figure 4.15: PL spectra of silicon carbon film deposited at different Ar flow rate. 
 
 
The dominant effects of the presence of Si or C in a-SiC thin films on the PL 
emission properties have been widely studied by several researchers (Cheng et al., 
2008). Some researchers showed that strong PL was exhibited by carbon-rich samples. 
H atoms passivate the sp
2
-C bonds and these sites act as radiative recombination centers 
for PL emission due to quantum confinement effect. The presence of the sp
2
-C clusters 
within a-C:H, a-Si:H, SiC and SiOx phases in the film structure may be the origin of the 
broad PL emission band in these films. As shown in Figures 4.13 and 4.14, the presence 
of a-C:H and SiOx phases was most dominant in the film deposited at Ar flow rate of 
7.5 sccm. This shows that sp
2
-C clusters embedded within the a-C:H and SiOx phases 
contribute most to the PL emission in the films as these films produce the highest PL 
emission intensity.  
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4.2.4 Summary 
A set of films were deposited at different Ar flow rate of 5.7, 7.5, 15 and 30 
sccm by means of r.f. sputtering component in the hybrid r.f. PECVD/sputtering 
system. The films were deposited on c-Si substrates by sputtering the a-Si target which 
was exposed to CH4 discharge during previous deposition in the deposition chamber. 
Different flow rate of Ar introduced into the chamber controlled the film growth rate 
based on the bombardment energy of the Ar ions. The growth rate was highest at the 
lowest Ar flow rate of 5.7 sccm. Information related to elemental composition, 
structural properties, chemical bonding and optical properties of the films shows that 
the films consist of significant component of a-C:H and SiOx phases which contribute 
most to the PL emission from the film. The origin of PL emission in these films was 
deduced to be due to quantum confinement effects in the sp
2
-C clusters embedded 
within a-C:H and SiOx matrix.  
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4.3 Effects of r.f. Power on Amorphous Silicon Carbon Films Prepared by 
Hybrid PECVD/Sputtering Deposition System  
Previous work to assess and test separately the efficiency of the two main 
techniques involved in the newly designed hybrid r.f. PECVD/sputtering system was 
accomplished. In this section, the feasibility of combining both techniques to grow a-
SiC films was investigated. The films were deposited by simultaneous sputtering of a-Si 
target in plasma discharge of CH4 gas. The effects of r.f. power on the growth rate, 
structural and PL properties of a-SiC thin films were studied. 
 
4.3.1 Growth Rate of Amorphous Silicon Carbon Thin Films 
The film thickness and corresponding growth rate of the films deposited by r.f. 
PECVD were contributed by several factors dependent on the deposition parameter 
used. With respect to r.f. PECVD, the growth rate was strongly influenced by 
dissociation of the precursor gas, CH4 followed by the secondary gas phase reactions 
(Awang et al., 2006). Hydrogen etching effects also influenced the film growth rates. 
Growth rate of the films deposited by r.f. sputtering was strongly influenced by the Ar 
flow rate as shown in the previous section. In this part of work, the two processes were 
operated simultaneously and the effects of r.f. power on the film properties were 
investigated. 
 
Figure 4.16 presents the growth rate of a-SiC thin films deposited by hybrid 
PECVD/sputtering deposition system on c-Si substrate with respect to r.f. power. The 
deposition rate of the silicon carbon films increase drastically to a maximum when 
deposited at r.f. powers of 100 and 120 W and decrease steeply for the film deposited at 
r.f. power of 150 W.  
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Figure 4.16: Growth rate of a-SiC thin films prepared by hybrid PECVD/sputtering deposition 
system. 
 
 
The magnitude of r.f. power is shown to have strong influence on the growth 
rate of a-C:H films. The r.f. power dissociated the CH4 gas and ionized the Ar gas thus 
increasing the number of C based growth precursors and Ar ions in the chamber, 
respectively. The latter increased the bombardment effects on the a-Si target thus 
sputtered off higher concentration of Si atoms to be deposited on the substrates. These 
combined effects significantly increase the growth rate at 100 and 120 W. However, 
increase in r.f. power also produces sputtered off atoms from the growth surface of the 
films. This was expected to result in a competition between film growth and etching 
rates at the growth surface depending on whichever effect was more dominant. 
Obviously, the etching effect was more dominant at r.f. power of 150 W and this led to 
the decrease in the film growth rate.  
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4.3.2 Structural Properties of Amorphous Silicon Carbon Thin Films 
The Raman spectra within 100 to 1800 cm
-1
 for films deposited at different r.f. 
power are presented in Figure 4.17. Significant PL background and their corresponding 
slopes, m are displayed in the same figure. The slope increased to a high value for the 
films deposited at r.f. powers of 100 and 120 W and decreased for film deposited at  
150 W. This showed that the CH in the films deposited at r.f. powers of 100 and 120 W 
was the highest and the trend was similar to the trend showed by the growth rate. The 
existence of Raman peak at around 100 to 850 cm
-1
 and 850 to 1800 cm
-1
 showed the 
existence of expected Si-Si and C-C network of a-SiC thin films respectively (Swain 
and Dusane, 2006). 
 
 
Figure 4.17: The whole range of Raman spectra for a-SiC thin films and their corresponding 
slope, m. 
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Figure 4.18 shows the Raman spectra in the region focused on the Si-Si 
network for all samples in the range of 100 to 850 cm
-1
. A broad absorption band 
produced by the overlapping of Si-Si transverse acoustic mode (TA) at 150 cm
-1
, Si-Si 
longitudinal acoustic (LA) branch at 300 cm
-1
, Si-Si longitudinal optical (LO) mode at 
380 cm
-1
 and the transverse optical (TO) branch from the contribution of the amorphous 
silicon at 480 cm
-1
 (Shi et al., 1999; Swain and Dusane, 2006; Swain and Dusane, 2007) 
are observed for the films deposited at 100 and 120 W. Appearance of broad peak 
between 600 to 800 cm
-1 
as illustrated in Figure 4.18 indicates the presence of Si-C 
phase in the films (Swain and Dusane, 2006). 
 
Figure 4.18: Silicon network of a-SiC thin films observed from Raman spectra in the range of 
100 to 850 cm
-1
. 
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The strong protruding peak located at 520 cm
-1
 in Figure 4.18 and the peak at 
950 cm
-1
 illustrated in Figure 4.19 correspond to the first and second order vibration of 
crystal silicon (c-Si) substrates respectively (Shi et al., 1999; Swain and Dusane, 2007). 
The appearance of the sharp protruding peak at 520 cm
-1
 indicates that the films were 
very thin and very transparent and when excited by the ultra-violet (UV) laser 
wavelength of 325 nm, the laser light penetrated right through the film and reached the 
substrate (Shi et al., 1999; Swain and Dusane, 2007).  
 
 
Figure 4.19: Carbon network of a-SiC thin films observed from Raman spectra which was 
baseline corrected in the range from 850 to 1800 cm
-1
. 
 
 
The results show that the films deposited at 100 and 150 W had high growth 
rate and the a-Si and a-C:H phases were very dominant in these films. The CH with the 
C-C network was also very high for these films. For the film deposited at 150 W, the   
a-Si phase was almost insignificant but a-C:H phase was still significant. The 
bombardment on the growth sites effectively removed the a-Si phase at this high r.f. 
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power. Figure 4.19 shows the stacked C-C network obtained from Raman spectra in the 
range of 850 to 1800 cm
-1
. The insert in this figure shows the stacked C-C network for 
the films deposited at 60, 80 and 150 W which exhibited a very low intensity band 
compared to band produced by films deposited at 100 and 120 W.  
 
Next, FTIR spectroscopy was used to study the bonding properties of the films. 
The FTIR spectra of the films prepared at different r.f. powers are presented in Figure 
4.20. The presence of Si-C and Si-O stretching bonds in the films is represented by the 
peaks at the wavenumber of 800 cm
-1
 (Wang et al., 2002) and 1050 cm
-1
 respectively 
(Li et al., 2007; Sundaram et al., 2000).  
 
 
 
Figure 4.20: FTIR spectra of the silicon carbon films deposited at different r.f. power showing 
the absorption bands expected in silicon carbon films within the spectral range. 
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The peak at 800 to 840 cm
-1
 is assigned to the overlapping of SiC transverse 
optical phonons (Dieguez Campo et al., 1998) at 800 cm
-1
 and Si-O-Si stretching 
vibration mode at 840 cm
-1
 (Dohi et al., 2002). The broad peak between 950 and 1250 
cm
-1
 are produced by the overlapping of several peaks namely Si-CHn rocking (Rusakov 
et al., 2001) at 1020 cm
-1
, Si-O stretching at 1050 cm
-1
 (Sha et al., 2005) and Si-CHn 
bending at 1230 cm
-1
 (Mori et al., 2006). It can be seen that the presence of Si-O bonds 
were very dominant in these films and the peak at 800 to 840 cm
-1
 basically was 
dominated by Si-O-Si stretching band rather than Si-C stretching except for the film 
deposited at 120 W. The a-SiC phase in the films can be seen to consist of mainly 
hydrogenated amorphous silicon carbon (a-SiC:H) phases since the Si-CHn rocking and 
bending modes were quite significant in all the films. The SiO phase was quite 
significant in these films and this phase originated from the SiO layer in the initial part 
of the sputtering. From this result, it can be concluded that the films were multiphase in 
structure consisting of a-Si, a-SiC:H and a-C:H. The presence of the a-C:H phase was 
mainly confirmed by the Raman spectra.  
 
4.3.3 Photoluminescence Properties of Amorphous Silicon Carbon Thin Films 
Figure 4.21 shows the room temperature PL emission spectra of the films 
deposited at different r.f. power excited by UV laser operating at wavelength 325 nm 
recorded in the wavelength range of 400 to 800 nm. The PL emission spectrum of c-Si 
substrate was seen to produce low intensity PL emission band centered at 604 nm 
possibly contributed by virgin oxide present on the surface. It can be seen that the 
presence of deposited films result in a shift in the PL emission peak to lower 
wavelength. The film deposited at 60 W produced PL emission blue shifted below 600 
nm. This film mainly consisted of a-C:H phase and SiO phase as shown in Raman and 
FTIR results. The PL emission peak broadened with increase in r.f. power due to 
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increase in presence of a-C:H and SiO phases in the films. The PL intensity was also 
increased with increase in r.f. power especially for films deposited at 100 and 120 W. 
and dropped for the film deposited at r.f. power of 150 W. The high PL emission 
produced by films deposited at the 100 W was due to the dominant presence of a-C:H 
and a-SiC phases in the film as SiOx phase is smaller in this film as indicated by the 
FTIR spectrum. The PL emission peak was also narrower and was blue-shifted. The 
dominant presence of a-C:H and SiO phases in the film deposited at 120 W produced 
the high broad PL emission spectrum in this film.  
 
 
 
Figure 4.21: PL spectra of silicon carbon film deposited at different r.f. power. 
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The decrease in PL intensity for the films deposited at 150 W is consistent with 
decrease in C-C network intensity in Raman spectrum for this film. The PL emission in 
this film was mainly produced by the SiOx phase in the film as it was red-shifted 
towards 600 nm. The results showed that PL emission in this films originated from the 
a-C:H and SiOx phase in the films. This further confirmed earlier deduction that the 
origin of PL emission was from the sp
2
-C clusters embedded in a-C:H and SiOx matrix 
in the films due to quantum confinement effect. 
 
4.3.4 Summary  
In this study, silicon carbon films have been deposited by sputtering of an 
amorphous silicon target in methane plasma discharge environment using a hybrid r.f. 
sputtering/PECVD system at different r.f. powers and the effects of r.f. power on the 
structural and PL properties of the films have been investigated. The films consisted of 
a mixed phase of a-Si, a-C:H and a-SiC which contained sp
2
-C clusters embedded in the 
matrices of these phases. Effective diffusion of C based growth radicals from the 
methane discharge and incorporation of Si atoms from the sputtering process at r.f. 
power of 100 W resulted in film with high carbon incorporation resulting in the 
dominant presence of sp
2
 C content and Si-C bonds in the film. Strong PL emissions 
were produced at around 600 nm wavelength by the films with high C incorporation. 
The origin of the high intensity broad PL emission from the film deposited at 120 W 
however was produced through recombination processes within the sp
2
 C clusters 
embedded within a-C:H, a-SiC and SiOx phases through quantum confinement effects 
mechanisms.  
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4.4 Overall PL Emission Analysis 
 In this part of the work, an attempt was made to study the origin of PL 
emission produced by the three techniques namely the r.f. PECVD, r.f. sputtering and 
hybrid r.f. PECVD/sputtering techniques. The highest PL emission produced by each of 
these three techniques were studied and compared. Figure 4.22 shows the PL emission 
band normalized to the highest peak intensity of these films.  
 
 
Figure 4.22: Normalized PL intensity of the highest PL emitted from three sets of films. 
 
 
 It can be seen that the peak position was shifted for each film deposited by three 
different techniques. The a-C:H film (100 Pa) exhibited PL emission with peak at 2.2 
eV. This film was deposited from the r.f. discharge of CH4 diluted in H2 gas. The film 
deposited from the sputtering of a-Si target covered with a-C:H and SiOx layers.(7.5 
sccm) produce PL emission which was red shifted to 2.1 eV. The more dominant 
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presence of SiOx phase in this film produced this PL emission. The film produced using 
the hybrid r.f. PECVD/sputtering technique (100 W) showed PL emission band at 2.15 
eV contributed by the presence of a-C:H and SiOx phases. These results showed that PL 
emission in these films are mainly contributed by the a-C:H and SiOx phases in the film. 
The hybrid r.f. PECVD/sputtering system built for this work can therefore be used to 
tune the PL emission by changing the deposition parameters for future work. 
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CHAPTER 5   
CONCLUSION AND FUTURE WORK 
 
5.1 Conclusion 
The operation of a newly designed ‘environmental friendly’ hybrid r.f. 
PECVD/sputtering system was successfully tested. The structural and optical properties 
of the films deposited by the r.f. PECVD and r.f. sputtering components of hybrid r.f. 
PECVD/ sputttering system were studied in the first two parts of this work. This was 
then followed by the study on the properties of the films deposited by the hybrid r.f. 
PECVD/sputttering technique.  
 
The films produced by r.f. PECVD from methane (CH4) mixed in hydrogen 
(H2) discharge mainly consisted of hydrogenated amorphous carbon (a-C:H) films. In 
this part of work, it was established that the CH4 and H2 gas pressures strongly 
influenced the growth rate, structural and photoluminescence (PL) properties of the 
films. Therefore, the CH4 to H2 flow rates ratio was not the determining factor 
influencing the film properties. The origin of PL emission in these films was through 
recombination process at the H terminated sp
2
-C sites.  
 
The films produced by r.f. sputtering of amorphous silicon (a-Si) target showed 
that the growth rate was strongly determined by the argon (Ar) flow rate. Low Ar flow 
rate of 15 sccm or lower produced high growth rate. The a-C:H and silicon oxide (SiOx) 
layers on the a-Si target produced films with a-Si, a-SiC:H and a-C:H phases. The a-
C:H phases in the films contributed most to the PL emission of the film.  
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The r.f. power was shown to strongly influence the growth rate, structural and 
PL emission properties for the films deposited by the hybrid r.f. PECVD/sputtering 
technique. Higher r.f. power of 100 and 120 W enhance the film growth rate and 
increase the concentration of a-C:H, a-Si, a-SiC:H and SiOx phases in the films 
significantly. However, increasing the r.f. power to 150 W produces a reverse effect. 
This is due to the increase in Ar ion bombardment on the growth sites. PL emission was 
shown to have its origin from the a-C:H and SiOx phase in the films. The films 
deposited at 100 and 120 W which have the highest a-C:H and SiOx phase exhibited the 
highest PL emission intensity. The a-Si:H phase in the films showed no contribution to 
PL emission in the films.  
 
The multiphase structure of the films was analyzed based on the PL emission 
of films produced by r.f. PECVD, r.f. sputtering and hybrid r.f. PECVD/sputtering 
techniques. The pure a-C:H films produced by r.f. PECVD exhibited high PL emission 
intensity at the shortest wavelength comparatively. The origin of PL emission in this 
film was through recombination process at the H terminated sp
2
-C sites. The film 
deposited from r.f. sputtering of a-Si target coated with a-C:H and SiOx layer produced 
PL emission which was red-shifted towards 2.1eV. This film consisted predominantly 
of SiOx phase from which the PL emission originated. The films produced from the 
hybrid r.f. PECVD/sputtering technique consisted of a-Si, a-C:H, SiC and SiOx phases. 
The PL emission originated from a-C:H and SiOx phase in the films producing a broad 
PL emission. In this work, it was established that the hybrid r.f. PECVD/sputtering 
system could be used to produce multiphase films where the PL emission can be tuned 
by controlling the concentration of a-C:H and SiOx phases in the films. 
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The hybrid r.f. PECVD/sputtering system developed for this work is still at its 
infancy. Further work needs to be carried out on the system to produce films with 
tunable PL emission properties. This can be done through improved control of the 
deposition pressure by introducing a mass flow controller for CH4 and Ar with lower 
flow rate range and more efficient pumping systems. By introducing a shutter at the 
target, the concentration of a-C:H and SiOx phase in the film can be controlled. In this 
way, PL emission tuning can be more refined.  
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